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Three ‘Surface’ direct-fired 






covers used in cle ond bright 


annealing of copper and brass 











‘Surface’ DX Gas Atmosphere protects the metal 





— uniform (= 3° F.) heating assures accurate | 





grain size control...thus producing a better 
and more uniform final product. 





For every phase of heating and heat processing of 
copper and brass...in sheet mills, tube mills, wire and 
rod mills, or fabrication plants, Surface has designed 
and built a wide variety of furnaces. These have been 


aa . 
Pe continuous and batch type—atmosphere, or controlled 
a "4 ; , ‘ . ’ 


combustion to give the best possible result in produc 
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and production. 
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Surface research and development in burner equis 





Above (1) View showing bases empty, loaded, and with 
inner cover. Each base is equipped with a recircu- ment; in fuels, and in Science of Gas Chemistry and 


lating fan for moving the hot gases. Each base has a Heat Treating have made the many ‘Surface’ contribs 





capacity of 21 coils, or 12,600 pounds. ian 
tions of tremendous volue to non-ferrous, and ferr 

Below (2) DX Gas Preparation Unit in foreground. Two . , , 

seus denis tee Maen hh he Geek exe heat treatment. Write for technical bulletins on process 


ing atmosphere. Each has a capacity of 4,000 c.f.h. of most interest. 
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When your Ryerson alloy steels arrive, 
complete test data comes with them—data that 
enables engineers and designers to call for the 
physical properties listed, with confidence that 
they can be secured—that furnishes heat treaters 
with a guide to sure, accurate results and provides 
a detailed record for your purchasing executive. 

As a part of the Ryerson Certified Steel Plan, 
this data is developed from actual laboratory tests. 
In addition to mill tests for chemical analysis and 
physical characteristics, Ryerson subjects sam- 
ples from each alloy heat to four end-quench hard- 
enability tests. From hardness readings of the 
test samples we interpret obtainable 
physical properties for various size rounds 
in the as-quenched condition and when 
quenched and drawn at 1000", 1100° and 
1200° F. 

This test data comes with alloys which 


How Ryerson Alloys 
Protect Your Production 


Every Department is Served 


| CERTIFIED | 





are identified by heat symbol as well as | 


t 


marking. And to make doubly certain that you get 


the right steel Ryerson checks against mixed shi 
ments by spark testing all alloys in stock. 


Ryerson alloy service costs you nothing ex 


It protects your products and production. It saves 


time and money. It is furnished by 11 Ryersor 
Steel-Service Plants, each located in a m 
dustrial area. The Ryerson alloy plan is explained 
in detail in our booklet “Interpreting Hard: 
ity’. If you did not receive a copy writ 

And get in touch with your nearest Ryerso1 


when you need alloy steel from stock. 


JOSEPH T. RYERSON & SON, INC. Steel- 
Service Plants: Chicago, Milwaukee 
Detroit, St. Louis, Cincinnati, Cleveland 
Pittsburgh, Philadelphia, Buffalo, New 


York, Boston. 


RYERSON STEE 


ALLEGHENY STAINLESS 
STRIP STEEL @ 


ALLOY STEELS -s 
PLATES * SHEETS » 





STRUCTURALS 
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Critical Points 
By the Editor 


Derrort, to an exhibit of induction heating 
| equipment sponsored by Detroit Edison Co., 
here nine manufacturers indulged in a friendly 
battle of frequencies, as it were a little “heat 
ireating show”, all of itself. The range ran from 
what originally was called “high 

¢ from motor-generator sets (960, 3000 and 


frequencies” 


00 eyeles per sec. are now more or less stand- 
dized), to frequencies up to the radio bands 
150,000 eyeles as a maximum — coming from 
sillators of the spark-gap type and from elec- 
tron tubes, and finally to ultra-high frequencies 
the lower band of short wave senders, say 2 to 
nillion eyeles, generated in equipment akin to 
radio broadcasting power 
plants. (Above these fre- 
quencies is the field for 
heating dielectrics or non- 
conductors such 


What frequency — 
three thousand 


or three million ? 
jobs as 


curing of plastics, the disinfection of pack- 
sed food, and similar non-metallurgical opera- 
s The best known applications of 


ction heating are, of course, for the surface 
rdening of steel parts, wherein heating currents 
high frequeney are induced in the surface 
yers. As a rough classification one can say that 
s the irequency goes up the penetration of the 
duced current (and the layer which can be 
rectly and promptly heated) becomes thinner 
ind thinner, the voltage (and required air gap 
‘ween inductor coil and work) increases, and 


th, ; ‘ . 
ie cost of the necessary power goes up. An 


portant practical consideration is that higher 
nd higher frequencies are needed as the article 
omes smaller and thinner —for example, 





“V-evele power cannot “flow” a tin deposit on 
plate (steel sheet about 0.010 in. thick) 
Whereas the flux induced by sub-radio frequency 
-0,000 eyeles quickly heats the steel to the 
ting point of tin. Another practical matter 
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is that the electrical effect of hugging the surface 
means that irregular 
especially small ones 
by the higher 
exhibitors talked about thin 
that rival a dip in a cyanide bath, done with cur- 
rent oscillating at 2,000,000 cycles per sec. Sur- 
face hardening of cylinder bores with an internal 
might 


non-circular contours 
are heated superficially 
ranges of frequencies; one of the 


cases” on tiny gears 


inductor is an anomalous case; one 
imagine that highest frequency would be neces- 
sary to keep the heating current on the inside of 
the cylinder rather than on the outside, but since 
the cylinders are usually fairly large a good deal 
of power is necessary to heat them rapidly else 
the hardened layer will deepen unduly by heat 
Hence the present desirability for 
the powerful motor-generator sets of 


conduction. 


Tackling 9600 cycles for heating inside sur- 
the hard faces..... The general rule that 
jobs small items require higher frequency 

does not rule out the possibility of 
deeper hardening of larger pieces if there is time 


enough and equipment available. The current 
efficiency will be somewhat less than maximum; 
nevertheless large pieces like 75-mm. armor pierc- 
ing caps have been through hardened by very 
high frequency currents by keeping the current 


on for minutes and letting the generated heat 
soak inward and downward until all of the 


desired volume of steel is above the critical tem- 


perature..... Recent advances in the art have 
included the continuous heat treatment of long 
bars end-to-end with moderate frequencies, and 
thin walled tubing with higher 


frequencies. An extension of this idea 


moderate and 
might 
include the process annealing of sheet, strip and 
wire, but present impediments seem rather funda 
mental: Thin, fine metal requires very high fre- 
quencies in order to be heated at all, yet high 
frequencies mean intense surface effects and high 
heat gradients, surface to center, 
the requirements for a uniform annealing effect. 
An interesting scheme for the finest material is 
to draw it through a close-fitting sleeve of graph- 
which itself is heated 


just opposite to 


ite or heat resisting metal, 
by high frequency waves. 


seep the casting of a 
of manganese bronze — something that 


Cramp Brass & lron Foundries Division of Bald- 


30-ton propeller 


win Locomotive Works can take in its stride, 


since production has been about four per day, 
Molds 


that is, there is a cope and drag 


of various sizes, ever since the war began. 
are sectional 
for each of the four blades, and these form the 


hub when placed at accurate angles. Cement- 


sand mixtures are used; according to Boniract 




























MILLER, metallurgist, the principal advantage is 
that it is easier for poorly skilled workmen to make 
the molds (less danger of over- 
ramming); its principal dis- 
advantage is thai it takes three 
days to cure, or set, thus con- 
gesting the floor. Casting trou- 
bles are prevented by very close moisture control 
in the sand-cement mix — modifying the per- 
centage, in fact, with the season of the year 
Twenty-ton reverberatory furnaces melt the man- 
ganese bronze; it is transferred by preheated 
ladles to a large basin alongside the mold. After 
all dross has had a chance to rise, a stopper lead- 
ing into the bottom sprue is opened. Four work- 
men keep watch through generous riser heads, 
one above each blade, and skim aside any dross 
with long-handled wooden rakes. Pouring is at 
1820° F.; supplementary metal, sometimes as 
much as 3 tons, is added to risers at 
intervals. Blades are remarkably true to shape, 
and so the entire casting is balanced immediately 
after cleaning to determine the correct center for 
the shaft bore. After the hub is finish machined, 
the final balancing requires but a minimum of 
grinding on the blades. 


Propellers 
for Uncle 
Sam’s ships 


correct 


the ‘metallurgist must become an 


EEMINGLY 
S electrical as well as a chemical engineer if he 
is to understand the extraordinary machinery 
that is linked together to make an electrotinning 


line. Three of these lines are installed at the 
Fairfield works of Tennessee Coal, Iron and Rail- 
road Co. (which, as all should know, is not in 
Tennessee but in Alabama Birmingham, to be 
specific) and produce about two-thirds as much 
tin plate as the 41 pots in prior use for hot dip- 
ping, yet they occupy a new wing in the old 
building with hardly 10% its area. As a matter 
of fact, most of this space is occupied by the 
auxiliary devices; the actual tin- 
plating is done in one portion of 
each machine no bigger than an 
old fashioned tin pot, in which 
the 30-in. wide strip is looped alt 


Electrotin 
plate for 
conservation 


high speed up and down a half-dozen times. (In 
fairness to the hot dip process it should be men- 
tioned that the electrotin plate is coated with 
only % Ib. of tin per base box — the industry's 
quaint way of saying 0.03 mil thick — whereas 
the common plating of the hot dip process is 
nearly three times as thick.) Ahead and beyond 
the central tinning unit are necessary auxiliaries 
such as reels for the cold rolled strip, a machine 
for welding the tail end of one coil to the leading 
edge of the next, magnetic hold-back to give 
necessary tension on strip in process, electrolytic 


pickler and wash tanks...... After emerging from 
the tinning solution the strip is washed then 
dried by steam, then the tin plating js “flowed” 
by electrical resistance, quenched jp Water 
sprayed with chromic acid solution . 
better tooth for lacquering, and oiled. It they 
goes through a power drive, a flying shear, ay 
automatic kick-off for defectives, and the sheets 
finally land on a piler. Truly an amazing assem. 
bly, operating almost without human assistance, 
as indeed all such high speed mechanisms mys; 

Two devices are in fact superhuman, \ 
the very start are a flying 
micrometer and an electric ey 
scanning for pin holes. When 
the gage goes off limits, or light 
leaks through, a peg is pushed 
in on the rim of a “memory 
wheel”. This is geared to the main drive, y 
when the portion of the strip that is defective 
reaches the end of the line, the memory wheel's 
pin has just reached a light beam that, through 
a photo cell and other mysterious robots, actuates 
the kick-out mechanism, rejecting the very sheet 
that has the defect plus the one ahead and the 
one behind, just to be sure 
standable (to me) electrical shieldings are neces- 
sary to keep the currents put into the flying strip 
at three different places within the correct limits 
for their action. For example, the current used 
in the preliminary electrocleaning must not work 
forward to the tinning cell, neither must the 
heavy currents needed for flowing the tin deposil 
leak backward. (Melting the deposit, by the way, 
is a plain resistance job, the result of o0U 


Superhuman 
devices for 
high speed 


processes 


Other non-under- 


amperes of 90-volt current. To protect and flux 
the surface, the melting is done in 


atmosphere. ) 


a prepared 


DI 


YANNOT REFRAIN from praising the duplex | 
+ ess at Ensley plant (even though there 
nothing new about it) for the unusual and truly 
spectacular operations are enough to catch the 
Here is a battery of three 20-ton 
nine tilting 


jaundiced eye. 
converters, mid-length in a row ol 
openhearth furnaces; one or more of the vess 
is always doing its pyrotechnic stuff. The hu 
drum facts are that the vessel oxidizes and slags 
manganese from the moitel 


‘ 


off the silicon and 
pig iron in about 5 min. and lowers the carbon t 
either high for 
min. more. 


a “kicker’, 
The opel 
about hai 
and all the 


Successive 


the desired point - 
or dead soft in 7 to 9 
hearths have deep baths that retain 
the steel at the end of each heat 
finishing slag, highly basic and hot. 
ladles of blown metal are then poured I ale 
violent boil mixes steel and slag and reduces ™ 


and @ 
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shop { 


most instantly from 0.85 to around 
t 15 tons of the slag, carrying 10% 
overflows the front doors and is 
with fresh lime and mill scale. The 
finished in the usual openhearth way, 
140 tons of steel is drawn off from 
below the slag line. All in a 
matter of 5 hr., tap to tap 
35 heats a week are a com- 
monplace, twice the number 
that can be produced in a sta- 
nary openhearth charged with hot iron, or 
bree times the production from cold pig and 
scrap. The ground slag is an especially good 
lizer and conditioner for soils with acid reac- 
\side from the specialized metallurgy, 
Low open- 


Is 


he reupon 


Tonnage from 
duplex 
teel-making 


ertl 
ion 
nsider these favorable economics: 
hearth plant overhead due to rapid production 
rates: low lining costs, due to silicon-free charge; 
ho scrap required; credit from slag byproduct. 

counterbalance these, in part at least, is the 
onverting and transfer costs, both operating and 
verhead, and the losses in iron oxide. The sala- 
ble slag carries the equivalent of 12% metallic 
iron, and therefore about 1 ton of iron goes out 
in slag for every 100 tons of ingot cast. However, 
hat is not much more than an ordinary open- 
arth operation would lose. The larger loss, 
about 5 tons of iron per 100 tons of ingot, is in 
onverter spillage and slag; the latter is an iron 
silicate of low value in this district where the 
ores (even after most canny mixing) are on the 
siliceous side of neutral. 


—— with operations at the American 
Cast Iron Pipe Co. in Birmingham, where 
many years of experience with centrifugal casting 
‘iron pipe in 16-ft. lengths up to 48 in. diameter 
have been turned to the manufacture of similar 
ubes of alloy iron, carbon and alloy steel, and 
ubes of chromium-nickel-iron alloy (retorts for 
Short items like bogie 
heel hubs for tanks are oxy-acetylene cut from 
he 16-ft. lengths; long items like ship shafting 
re often double-lengthed and flanges attached 
by welding. An unusual example of alloy con- 
servation was also noted: Die 
pot liners for shell forging are 
made of Ni-Mo-Cr cast iron; 
magnesium rough castings are sent to the 
retorts and shell forging plant in return for 
ship shafts the turnings and the worn 

liners; the actual metal has 
already made many round trips through the 
cupola, and it only requires sweetening with a 
little chromium each time. In the shell forging 
shop the ‘verage production has crept up to 1200 


magnesium distillation). 


Centrifugal 


asting of 


shells per pot .In company with CHARLES 
DoNnono, metallurgist, spent much time in the 
department making gas engine cylinder liners. 
Since these have a stubby flange on one end they 
are cast individually with axis horizontal, spin- 
ning at such speed that the centrifugal force is 
60 times gravity. The cast iron mold is about 
five times as thick as the casting’s wall in order 
to chill it at the proper rate, and is bare except 
The flanged end 
is closed by a stopper plate, keyed in. Steel is 
4137 (1.00% chromium, 0.20% molybdenum), 
melted in one-ton acid electric furnaces, killed 
no aluminum. A 


for a spray of refractory slurry. 


with silicon and manganese 
correct amount is weighed into a hand ladle, and 
then poured rapidly into a small pouring basin; 
a submerged leading into the spinning 
mold holds back any floating slag, and its diam- 
eter governs the rate at which the steel is cast. 
Within a minute the metal, originally at 2850° F., 
has cooled below 2600° and frozen; the mold and 
contents are lifted out of the cradle and replaced 
Six machines, each spinning 


spout 


with an empty one. 
four molds simultaneously, produce 800 of these 
35-lb. castings in 8 hr.....James MacKenzie, 
chief metallurgist, points out that the ancient 

argument about whether a 
Cast vs. forged test bar represents the prop- 
evlinder liners erties of a casting is resolved 
by cutting a block right out 
of the cylinder wall. These liners, as cast, have 
a uniformly textured Widmanstatten microstruc- 
ture which is readily recrystallized into an equi- 
axed structure, about grain size 6, by heating to 
1600° F. for 1% hr., air-cooling, and drawing at 
1225°. Brinell 200 or 
suitable for machining; about ™% in. is taken 
from the inside and % from the outside, thus 


Hardness is then less, 


removing almost half of the original wall. Every 
cylinder is magnafluxed before shipment; inter- 
nal surfaces must be absolutely sound and per- 
fect. Not only does it freight to 
defectives at home, but the foundry can immedi- 
ately correct conditions that are making trouble. 
Final heat treatment in the engine plant consists 
of an oil quench from 1550°, and a draw at 
1050° F.; structure is then a uniform fine sorbite 
with mere traces of excess ferrite; hardness is 
C-32 to 34. Forged barrels of the same analysis 
have approximately the same physical properties 
except that the average elongation is 15% when 
tested longitudinally, but much 
transversely. Heat treated cast barrels with elon- 
gation of 10% are free of this directional varia- 


save keep 


only half as 


tion. MAacKENZIE says also that the real test of 
these cylinders is the 150-hr. proof run of com- 


pleted engine without sign of scuffing or wear. @ 
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By Given Brewer 
Structures En vinee, 
Consolidated Vultee Aireras ; 
Vultee Field. Cal 
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would usually comp 


simple 


ance measuring devi 
the Wheatstone b: 
ple. The circuit for 
mental type is sho 


Recording Data ox guia ee 


From SR-4 Gages 


A BRIEF ACCOUNT of electric strain gages, 
that have proven so useful in the recent studies 
of complex structures such as airframes, ships, 
engines and heavy ordnance, was printed in the 
last issue of Metal Progress. Having given some 
information on their construction and method of 
attachment, on the theory of their action and 
response to temperature and strain, the present 
article will describe some simple assemblages of 
electrical equipment necessary to measure and 
record their indications. 

Since movement (strain) in the metal at the 
spot on which the gage is cemented is reflected 
by a change in electrical resistivity of the wire 
of which the gage is made, adequate electrical 
equipment is required to measure changes in the 
flow of an imposed current as the resistance of 
the circuit changes. The type of such equipment 
varies within wide limits depending on the speed 
at which the measurements are to be made, on 
the distance between the object being tested and 
the measuring instruments, on whether the test 
is being made on a stationary or a moving object, 
and on whether individual measurements or 


A full 


discussion of the various successful wiring and 


autographic records are to be secured. 


instrumental diagrams would be almost endless; 
what will be attempted here will be merely a 
description of a simple circuit for a_ structure 
which can be loaded by steps and the loads held 
constant for any time required to make the 
individual readings. 


and R, are strain gages a 
cemented to the active stry 
and the dummy stry 
respectively (the dummy str 
ture being used for 

ture compensation, as out 

in the preceding article), 
investigator usually utilizes the 
null method, in which the 
bridge is brought into bal 
by varying R, or R,, ba 
being obtained when the ga 
nometer G reads zero voltage that is, no cur 
is flowing between the bridge-ends a and | 


Active Gage 





shh 
mw 


If VeO, the Bridge is 


Let /=Current; Amperes I 
Bla NCE an 


V= Voltage: Between a and b 
B-Temp. Coef; Ohms/Ohinf C. J,-loi Ts), 
At-Jemp. Change; °C: RI, =Rsls? 
R - Resistance ; Ohins 2 Re Rs 


RB. 


< 


Fig. 1— Diagram of Simplest Circuit 
Utilizing the Wheatstone Bridge 

From equation (1) in the diagram it can 
seen that if the active and dummy structures 
undergo an equal change of temperature equ 
to Al, then, due to temperature alone 


Roy =Ro+AtBR> 
Rs) =R,+atpR, 


(Notation is as in Fig. 1. For a definition 
the temperature coefficient of the strain 845 
and its numerical values, see the text and Tab! 


in the article last month.) 
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R, R, 
ebeeenae YY ae wee” 2 
R, R. (9) 
R.(1+AtB) R,(1+Atp) S 
as is the same for the active and the 
, se the bridge remains balanced when 
R, R, 
R, R, 
hich is the same as equation (1) in Fig. 1. 
P ming careful technique and placement 


th my gage it can be seen from equation 


that nothing but changes in resistance of the 


cage R, can throw the bridge out of bal- 

\s the structure is loaded the resistance 

the active gage changes in proportion to the 
surface strains of the structure along the axis 
‘the gage. The voltmeter (galvanometer G) 
then indicate a difference of potential 
betw bridge-ends a and b, and it must be 
brought back into balance by changing the resist- 


R, in accordance with the equation (1) 
til the voltmeter again reads zero. 

lf a temperature change Af has taken place 
ring the time of loading the structure, the 
iation for balance, including resistance changes 
and due to 


due to loads resistance changes 


Fig, : 
Webs 


Strain Gage Rosettes (Triangles) Placed on 
d Body of Heavy Fitting to Determine the 


4 he ' . o baye,? o2% ° " 
en tede 4 tl aes eek Se a4 Pee «= *e . i) 
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thermal effects, is as shown in equation (3): 
R,+AR, R, 2) 
R. AR, Kat Sadl RR. R, { Kat Sadl 
Since (KAt+-SeAt)= Bal, as shown in the 
first article, it also can be shown that 
R.4-AR.) (14+-atgs)=R AR, + BAtR,4+-AtBAR 


where AR, is the change in resistance of R, neces 
sary to balance the bridge after it has been unbal 
anced by a change AR, in the active gage due to 
strain in the structure. 

Equation (3) then 
second order differential term A/@AR,): 


becomes (neglecting the 


R,+AR, R 
R,+-AR.) (1+ Alp) R,(1+4-Aatg) 
R,+AR,) R, R.+-AR AR, 
and RXR, R 14 R 
= R,+AR,) R, AR 
R. R R 
{ AR, - AR 
R, t 
7 AR, AR, (4) 
R, R, 
AR 


Since AR, and R, are known, may be cal 


+). 


. R, 
culated from 


Effect of Refining the Design. Note the tool marks along- 


side upper right web where structure has been lightened 
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In the former article it was shown that the 
strain sensitivity factor S of the gage used (i.e. 
+2.38 for Copel wire or + 2.82 for iso-elastic 


wire) is equal t 
] oO AR 


7 
AL 
L 
But since the axial strain ¢e, in the structure 
Al 
L 


along the gage axis equals —~—, then 


AR, AR, 
R,-S R,-S 

Using the hook-up of Fig. 1 it is very easy 
to measure the axial strain in a tension 
member, for example. After the gage 
has been cemented in place, the con- 
nections made, the circuit balanced, 
and the resistance R, noted, a load is 
then applied, the electrical circuit again 
balanced and the change in resistance 
AR, The axial strain is then 
figured from equation the 
stress by multiplying the strain by the 
modulus of elasticity of the metal being 
tested that is, f,—E-e,. 

Using the null balance method and 
reversing the battery in Fig. 1 to isolate 
thermo-electric currents arising from 
dissimilar metal contacts in the leads, 
it is possible to measure strains of 
0.000,001 in. 
load of 30 psi. in steel or 
aluminum alloys. An additional advan- 
tage of the null method is that it is independent 
of fluctuations in the battery voltage. 

If a voltmeter is used in the bridge and it 
does not draw appreciable current (such as an 
a galvanometer with 


a (oO) 


>] 


€ 


CA. 


noted. 


9 


(5) and 


train 


J 


© 


in., corresponding to a 
10 psi. in 


electrostatic voltmeter or 
very high internal resistance) the strain may be 
found by the relationship: 
2V 
1,xR.XS 


voltage change due to unbalance 
in circuit 
gage strain sensitivity factor 
2.04 for A-1 gage 
ammeter reading, amperes 
resistance of gage 
(120 ohms for A-1 gage) 
axial strain along axis of gage in./in. 


Es (6) 


V 


where: 


E, 

Utilizing this alternative method and equa- 
tion (6) strains may be determined more quickly 
than by the null method, but with less accuracy. 
Both of the methods described in the foregoing 
paragraphs are of course suitable only for meas- 
uring static loads that can be held constant long 
enough to achieve balance and make readings. 
Equipment available commercially for the 
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measurement of static strains*® inely: 
recorder that automatically records 


»d 
from 48 gages in sequence on a polar eo 


chart. This machine operates by hala 


| itic 


18-g9 
Strains 
rdinat 


Ncing 


Wheatstone bridge, but employs a 1000 cycle car. 


rier wave in place of the direct curren 
I] 
h 


on 


battery or other source) of the bridg 
in Fig. 1. As the active gages are swi 


the recorder its strain is determined au! 


t (fr 
uStrat 
ed 


lat) 


by the machine and a pen records this valy 


the chart, whereupon the chart moves | 
revolution and the next gage is switched 


circuit. A single dummy gage is usually 
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Fig. 3 
Shotgun 


OO000S5 = 


Near Breech 


Mid-Length 


Muzzle 


0002 0003 0004 
Seconds 

Strains at Breech, Muzzle and Mid-Lengt 

When Is Fired (de For 


000! 


Barrel Gun 
and this is automatically switched 
48-point time to 
compensating for temperature changes 


recorder from time, 


Measurement of Dynamic Strain 


As the inertia of the electric strain 
negligible its resistance change follows 


48 of 


i 


Into th 


employs 


ee ee SS ee ee eee oe 


h of 


est 


into the 


thereby 


Ss 


the ral 


of change of axial strain of the stressed structure 


without measurable lag. In fact the strai 


ns along 


a shotgun barrel have been recorded with th 


passage of the charge (Fig. 3). Similai 


on machine guns and cannon, as well a 


plate, have uncovered important data for 
ers of ordnance. 


*Manufacturers of strain gage equipme! 
the following: 

Baldwin Locomotive Works, Baldwin 5 
Division, Philadelphia, Pa. 

William Miller Co., Pasadena, Cal. 

Consolidated Engineering Co., Pasaden 

Hathaway Instrument Co., Denver, Co! 

Heiland Instrument Co., Denver, Colo. 

General Electric Co., Schenectady, N. 

Westinghouse Electric Corp., Pittsburg! 


* 


272 


— 


studies 
s armor 


- design- 


t include 


outhwars 








Calibrating Resistance 
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weight and the weight of 
the drop test jig. These 


Strain Recora- 
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stresses 
one load factor (or Ig for 
gravity) on the gear. The 
gear was then raised until 


corresponded to 





ab ve 








Fig. 4 


a Y | | _ 


| 


i | \ aan 
Oscillator 


During the 


os To record dynamic strains it is necessary to 
employ electronic rather than mechanical devices 
apable of following the high strain rates asso- 
iated with dynamic loadings. The dynamic 
equipment is similar to the static equipment in 
that both are based on the measurement of volt- 
we unbalance in a Wheatstone bridge. The 
change in voltage potential between points a and 
» (Fig. 1) is amplified by electron tubes or other 


electronic devices. 

For moderate frequencies, up to 120 cycles 
per sec., pens actuated by piezo-electric crystals 
‘able to record the dynamic strains on moving 
paper Mirror 
type multi-channel recording oscillographs will 
function satisfactorily at frequencies up to 2000 


ift 


An example is shown in Fig. 4. 


Diagram of Circuit and Equip- 
ment for Recording Dynamic Strains 
Drop 


the tire was 15 in. 
the floor, whereupon the 
trigger was pulled and the 
and 
Stresses 


gear dropped. 
the strut 
resulting from the deceleration of the jig weight 
by tire compression, plus the reaction of the 
hydraulic fluid passing through the orifice in the 
landing gear strut when the entire combination 
hit the floor, were measured and divided by the 
initial stress value found for one load factor, the 
quotient yielding the load factor after several 
durations of time interval from the moment of 
contact with the ground (about 0.007 sec. after 
the time base started). 

The resultant curve is Fig. 5. 
test just described a space-time record of the 
mass travel of the strut was also taken by cable- 


Test of Fig. 4 strut 


on 


During the 


driven pencils which traced a line on a drum 
driven by synchronous motor. factor 
time was made by graphically determining the 


Load VS. 


second derivative of the space-time curve and 
adding 1 load factor to this deceleration curve. 
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Time, Hundredths of 2 Seconds 


Fig. 5 


ycles per see., the record being made on 
photographic paper or film. Above these fre- 
quencies cathode ray oscillographic devices must 
be employed, the record also being made photo- 
graphically. Some success has also been attained 
in the recording of aircraft flight strains on 
magnetic steel wire, impressing thereon a record 
which may be played back and analyzed later on 
the ground. Strains encountered in flight have 
‘lso been impressed on radio carrier waves which 
wre received at a ground station and analyzed 
at once, 

The use of the piezo-electric actuated pen 
‘n recording landing gear stresses during drop 
est is illustrated in Fig. 5. The static stress at 
‘wo points on the strut was recorded with the 
landing gear on the ground supporting its own 





Loads Endured by a Certain Landing Gear for 0.27 Sec. After Enduring a Drop Test 


Several such determinations are plotted on Fig. 5 
by small circles. Comparing the results of the 
two methods for determining load factor it is 
apparent that both the strain gage and the space- 
time derivative method yield valid results; how- 
ever, the strain gage record is obtained in a frac- 
tion of the time required by the graphical analysis 
of the space-time record. The discrepancy 
between the two methods 0.04 sec. after the begin- 
ning of the stroke may be attributed to elastic 
over-travel in the cable-pen recording system. 
Problems associated with the recording and 
computation of strains in two-dimensional stress 
fields and in buckled panels, the use of strain 
rosettes and the correction of results necessitated 
by the “cross sensitivity” of the gages will be 
discussed in later issues of Metal Progress.  ) 
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Joseph Donald Hanaualt 


Expert in Magnesium and Its Alloys & ; 
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( i: THE MANY INDUSTRIES which 
have enjoyed unusual growth or development 
juring the course of World War II, none has 
captured the interest of the American people 
more than the magnesium tndustry in its rise 
from obscurity to prominence, multiplying pro- 
duction capacity by almost one hundred times. 
rhis rise from a little more than 6,000,000 Ib. in 
1939 to nearly 600,000,000 Ib. in 1944 attended 
the first real awakening of the United States 
sovernment and American industry to the poten- 
tialities of this metal. 

Cradled in World War I when German sup- 
plies were cut off, the American magnesium 
industry barely survived the interim of peace. 
\fter the military demand for magnesium in 
bombs, flares, and other pyrotechnics had sub- 
sided in 1918 only the faith of two American 
concerns, the Dow Chemical Co. and the Ameri- 
can Magnesium Corp., in the worth of the metal 
as a structural material kept production alive. 
Shortly after the close of the first war all but 
these two producers dropped out, and in 1927 
American Magnesium Corp. ceased production of 
the metal and concentrated on its fabrication, 
leaving Dow as the sole American producer of 
magnesium for the 13 years prior to 1941. 

There is little doubt that this country’s abil- 
ily to out-produce the world in magnesium today 
is to be credited to the knowledge acquired 
between wars by these two independent firms. 
Recent production figures provide ready evidence 
of the ability in America to make the metal. 
While the ability in America to produce the 
highest quality magnesium alloy structures is 
not as obvious, it is nevertheless equally existent. 
lf a comparison would be made of the American 
metallurgical development of alloys and of the 
processing of magnesium structural 
parts with practices of foreign countries during 
the current war, it would show that in these 
lields America is well in advance. 

We are sometimes prone to speak of “com- 
panies” being responsible for certain achieve- 
ments, forgetful of the fact that in actuality a 
company is but a legal entity and that it is to 
some of the human personalities involved therein 
that the real credit is due. In the case of mag- 
tesium at Dow Chemical Co., many men were 
engaged with continually increasing intensity 
in the decade preceding World War II. Their 
developments of production and fabrication tech- 


technical 
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niques enabled magnesium in all its aspects to 
gear itself to war tempo in a few short months. 
Principal among these men is Jo—E HANAWALT, 
associated with Dow since 1931 and today direc- 
tor of the extensive metallurgical 
research. 

JosEPH DoNALD HANAWALT was born in Roy- 
ersford, Pa., near historic Valley Forge, in 1902. 
His family moved to Akron, Ohio, where he 
first became 


company’s 


received his early education. He 
interested in physics while attending Oberlin 
College, where he took his Bachelor’s degree in 
1924. After graduation, he went to the Univer- 
sity of Wisconsin, where he served as assistant 
and instructor in physics for five years, receiving 
his Doctor’s degree in 1929. He then spent two 
years as National Research Fellow of the Rocke- 
feller Foundation, studying X-ray absorption 
spectra at the University of Michigan and the 
University of Groningen. 

At this time the Dow Chemical Co. was in 
the. process of expanding its work in the spec- 
troscopy and X-ray departments, and it was thus 
that Dr. HANAWALT became associated with the 
firm. Under his direction the work in these fields 
was expanded, and Dow’s leadership and pioneer- 
ing developments in the practical applications of 
physical analytical methods in the chemical 
industry are well known to chemists and physi- 
cists. Similar rapid methods of accurate analysis 
are today more common in metallurgical indus- 
try, even getting into the furnace rooms and 
melting shops so the melters may have continu- 
ous knowledge of the refining process. A particu- 
larly successful development of these first years, 
now in wide use, was a method of indexing X-ray 
diffraction patterns so they may be used for 
identifying unknown substances or mixtures of 
unknowns. At the present time, one of the unique 
features of the Dow Metallurgical Dept. is this 
highly developed division of physical techniques 

X-ray, spectroscopy, electron diffraction, mass 
spectroscopy —and their application to metal- 
lurgical problems. 

These things have contributed to the trans- 
formation of many phases of the magnesium 
industry. Ten years ago the pure metal was 
handled on small scale with expensive techniques, 
and its alloys were primarily characterized by 
lightness alone. Now there are magnesium alloys 
having excellent weldability, formability, strength, 
and corrosion resistance. Under HANAWALt’s 
leadership Dow research has changed the process- 
ing steps so fundamentally that magnesium has 
left the rule-of-thumb stage and entered a new 
era. An achievement considered unattainable 
has been the development of a reverberatory fur- 
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nace for large scale, safe, and economical 
melting of the metal. Continuous casting 
has been introduced into mass _ produc- 
tion; pumping and piping of molten mag- 
nesium have been used to advantage in 
various processes. HANAWALT has a vision 
of plants for alloying, refining, and cast- 
ing of magnesium which are as clean and 
as pleasant to work in as a bakery. He 
sees cost advantages for magnesium in its 
light weight, low melting point and adapt- 
ability for processing in iron equipment, 
which no other metal possesses. 

In his approach to industrial research 
and in his conduct of the metallurgical 
department, he has patterned his philoso- 
phy closely after that of his chief, Wi1- 
LARD H. Dow. Joe HANAWALT does not 
sit as an arbitrary head of his department. 
He believes in giving responsibility and 
in developing the individual through this 
method. He gives a man adequate facil- 
ities so he can explore lots of territory in 
the pursuit of his project. He encourages his men 
to utilize to the fullest degree modern theory and 
techniques as applied to their work, but he is wary 
of decisions based on theory which are unsupported 
by experiment. He encourages the Edisonian 
approach and suggests that one should make use of 
a theory to suggest new experiments, but should not 
let a theory go very far in ruling out an experiment. 
He believes in the value of the competitive system 
to invigorate an organization and in the importance 
of each man receiving the rewards of his efforts. He 
is convinced that a unified group will accomplish 
many things which no man alone can attain. 

Dr. HANAWALT is a member of the American 
Society for Metals, American Institute of Mining & 
Metallurgical Engineers, American Society for Test- 
ing Materials, American Foundrymen’s Association, 
American Physical Society, American Chemical Soci- 
ety, The Electrochemical Society and American 
Society for X-ray and Electron Diffraction. He serves 
on committees of several of these organizations, as 
well as on the National Defense Research Council’s 
committees on magnesium projects. He is a member 
of the Board of Directors of the Detroit Section of 
A.I.M.E. and is a past-chairman of the local section 
of the American Chemical Society. In 1943 he 
received the Institute of Metals’ Annual Award for 
his outstanding studies of the corrosion resistance of 
magnesium and its alloys. 

Outside of his work, Dr. HANAWALT is a ski 
enthusiast. He joins in the activities of the Rotary 
and Torch Clubs and serves as a trustee of his church. 
He likes music and is a member of the Dow chorus. 

SAMUEL CrowTHER, 3rd. 


Non-Destructive 


Spectrographiec 


Sampling 


\\ ITH the recent pronounced trend toward 


spectrographic analysis for metals used 
industry, it has developed that one of th: 
major problems is to obtain satisfactory sam- 
ples. The desirable qualities of a sample ar 
(a) That it be in a form that provides satis- 
factory analytical accuracy, (b) that excessiv 
time is not consumed in its preparation, 
that the number of parts scrapped in obtaii 
ing the samples is held to a minimum, and 
(d) that they may be handled convenient) 
in the laboratory. 

As far as the actual analytical work is 
concerned, samples in the form of pins ar 
more conducive to accuracy and are most 
easily handled in the sparking procedu 
Samples of this type are usually 4, or \% in 
round, with ends ground flat, round, or with 
a rather flat cone. If one is controlling 
melting process, the preparation of these pins 
is rather simple since they may be cast in a 
mold or merely sucked up into a glass tube 
However, if a forging, casting or bar stock 
has to be checked, the work of getling 4 
sample may become rather tedious. For this 
reason, the technique of sparking a flat 
face was developed and is now being used 10 


sur- 


some laboratories, and a satisfactory degre 
of accuracy is reported. 

We used this method for some time, bu! 
there were always certain ranges of some 0! 
the elements that did not lie within the region 
of good reproducibility. In view of the dam- 


age usually done to the original part in the 
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preparation of a _ rod- Table I lists analyses on identical pieces of 


By S. L. Widrig 





Chi é Metallurgist shaped sample, some steel under three different conditions of 
and F. W. Lutz method of sparking a flat is sample preparation. In the first, a solid 
Research Engineer most desirable; however, in pin of the steel was used and no welding 
Toledo, Ohio addition to the limitation was involved. In the second, a small chip 
of accuracy, large parts was welded according to the usual tech- 
are cumbersome to arrange nique. In the third, the chip was purposely 
on the spark stand. very severely overheated white-hot in weld- 
To overcome these difficulties, samples are now __ ing, a condition far more severe than ever 
being prepared in this laboratory by removing a chip encountered. 
or fragment from the part to be analyzed, and welding These tests show that the degree of 
it to the end of a %-in. round pin of mild steel. The heat during welding does influence the 
chip is then ground to the circular dimension of the pin accuracy somewhat; however, these results 
and a cone is ground on 
the end of it, all as shown Table I— Results on Five Samples Made in Each of Three Ways 





in Fig. 1 and 2, pages 278 


| 














and 279. The chip 5s small | Souip PIN WELDED PIN OVERHEATED WELD 
enough that it does not 4620 Steel 
involve scrapping the Mn | 0.55 to 0.58; Av. 0.560 | 0.56 to 0.61; Av. 0.588 | 0.59 to 0.60; Av. 0.598 
plein cd BM ope pe er 
is only slightly more than Mo —_| 0.23 to 0.24; Av. 0.232 | 0.24 to 0.25; Av. 0.242 | 0.23 to 0.24: Av, 0.232 
that for preparing a flat Si 0.28 to 0.29; Av. 0.278 | 0.30 to 0.32; Av. 0.312| 0.29 to 0.32; Av. 0.310 
surface, but is not exces- 8620 Steel | 
d sive in view of the other Mn | 0.89 to 0.92; Av. 0.900 (0.91 to 0.94; Av. 0.927 | 0.94 to 0.95; Av. 0.948 
' advantages. Ni | 0.48 to 0.51; Av. 0.490 | 0.46 to 0.47; Av. 0.464 | 0.48 to 0.50; Av. 0.488 
: At the present time, - een ~ ro om ery —— Av. 0.564 aa 2 ae oo pee 
when the Taner supmiy & Si” | 0.22 to 0.27; Av. 0.250 | 0.26 to 0.27; Av. 0.268 | 0.27 to 0.29; Av. 0.280 
limited, it is a distinct | 
asset to have small sam- 
ples of this kind, rather than heavy pieces that represent extreme conditions. If a reasonable 
cannot ordinarily be handled by a girl spectrog- amount of care is used in welding, so the maxi- 
rapher. mum temperature does not vary over too wide a 
Tests have shown that any uniform welding range, the analytical results stay within accepta- 
technique that produces a reasonably good bond ble limits of variation. If only the grade of steel 
will have no serious effect upon the analysis. The is to be identified, any type of weld would give 
uportant functions of the weld are to provide suitable accuracy. 
suflicient electrical conductivity to the end of the One explanation for this variation is that the 
pin, and sufficient heat conductivity away from elements become oxidized. Oxides of some ele- 
the end. A bond of any kind will provide the ments reduce the line intensities while the oxides 


of others increase them. This difference in effect 


Table Il — Variations in Eight Samples can be seen by comparing the results for manga- 
Made From a Single 8620 Forging nese and chromium. 





. Table II illustrates that these variations are 
ELEMENT MINIMUM!) MAXIMUM | AVERAGE : ae ‘ , 
: not excessive if a reasonable amount of care is 





Manganese | 0.80 0.84 0.820 used in the welding operation. In this run, eight 
Nickel 0.49 0.52 0.504 chips were cut from one piece of 8620 steel and 
Chromium 0.50 0.52 0.512 


welded separately to eight pins. These results 


















Molybdenum 0.15 0.16 0.154 , aye 
Silicon 0.21 0.23 0.220 are representative of the reproducibility found 
in the routine work. 

Chips that may be used vary in thickness 
hecessary electrical conductivity, and it was from 4% to ,4, in. and need be only slightly larger 
‘ound that an air space extending approximately in area than the 4-in. diameter pin to which ! 
one-third through the weld was necessary before they are welded. After trying a number of 
the heat conductivity was limited to where it methods, it was found that the chip could be 
influenced the analytical results. easily pushed off a corner of the piece to be 

The welding temperature was found to be analyzed by a chisel mounted in a small hydraulic 
the most important variable. To illustrate this, press (10 tons capacity). Since most of the 
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materials handled in this of analyzing extremely ; 
laboratory are not heat sheets by the above met 
treated, this scheme works since only enough gringj, 
quite well and requires would be necessa ie 


only a few seconds. The = sent a clean surface | 


sample may also be S : excitation.) 
removed with a high speed = The spectrograph ysed 
cut-off wheel if the part is ; ‘ in this work is a “Bausch , 
very small or has been = ‘ Lomb Large-Littrow” 
hardened. The chip is . : with quartz optics Sine 
then welded to a pin of is used at various times | 
1020 steel in a resistance . ; both flat surface specimens 
welder (Fig. 1), and ee = and pins, it is mounted 
ground (Fig. 2). —- three rollers so that it , 
It should be pointed | be moved longitudinally by 
out that only one chip is a hand wheel to line up {} 
prepared in this way from slit with the two different 
each sample and an oppos- sources. In addition. for 
ing electrode of relatively lenses with different { 
pure iron is used with it . / lengths are mounted in 
in the spectrograph. Such : ". , | turret before the slit so ¢] 
a practice does not seem _ the source-to-slit separa! 
to influence appreciably — & can be varied over a y 
the degree of reproducibil- ~ - range. 
ity. It might be expected , = “The microphotome! 
that a higher degree of and the spark source we 
accuracy could be obtained _ both built by the Engine 
if both pins were made up , ing Rescarch Departm 
of the sample, since twice | University of Michigan. A 
as much of the elements of the exposure sequen 
being measured would be ' are controlled autos 
vaporized. Any such bene- ically, including racking tl 
fit seems to be rather slight plate down to the next posi 
and does not warrant the tion after one exposure | 
additional work of prepar- ; ‘ been finished. All points 
ing two samples. 4 access to the high voltag 
circuit are protected will 
Useful for Thin Sheets safety switches and solen 
Fig. 1— Spot Welder for Preparing Spectro- locks. and these. in tu 
It is interesting to graphic Pencils. The square fragment cut from are connected with a swil 
note that such a sampling 
method also provides a 
suitable means of analysis is gripped between the upper electrode jaws not operating. This arrange 
for thin sheets of metal. ment makes it impossible 
These have always presented a considerable prob- for the operator to come in contact with any pat! 
lem in that the heat dissipation is inadequate and carrying high voltage during its operation, or! 
the temperature of the surface being excited start the discharge if all of the doors have nd 
becomes rather unpredictable. By preparing the been properly closed and locked. 
specimen as indicated in this article, spectro- The synchronous interrupter at the soure 
graphic analyses check chemical analyses as which is the device usually furnished with this 


the part to be analyzed is placed on top the low- that short circuits the ma 
er electrode and a 4-in. round of 1020 steel busses when the source is 


closely as they do for any other size or shape. spectrograph, has been replaced by an air §j 

The only limitation to the thinness of the sheets interrupter similar to the one described by R. 4 

that may be handled in this way seems to be Wolfe and E. J. Jemal in A.S.T.M. Bulletin 

that they must have sufficient mass to be welded 129, August 1944, and later by R. G. Fowler an 

and ground to the proper shape. R. A. Wolfe in Journal of the Optical Society 
(Some good work has been done with pins America, Vol. 35, February 1945. 

having flat ends. This suggests the possibility Since this is one of the first industrial app! 
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his type of interrupter, it seems worth- one microscopically small part of the area might 


Motions 
me hile to mention that it has been found a distinct be considered to receive the spark only once in a 
_ smprovement over the mechanical one previously number of discharges and,the frequency with 
: ae principle of its operation is obvious which it does receive the charge may be irregular, 

from tl hotograph reproduced in Fig. 3. It is so that vaporization from that particular area is 

placed the electrical circuit in the same posi- not uniform. If all other factors remain constant 
“¢ tion as ynehronous interrupter and the air jet and the number of discharges within a given 
a . Hlowing | tween the two 


hungsten electrodes 
way the ionized 
new discharge 


sweeps « 

bir and 
. ecurs as soon as the 
ondenser has acquired 
sufficient charge to jump 
the gap again. Therefore, 
the number of discharges 
pel cycle is a function of 
the rate at which power 
js supplied to the con- 
? ienser and the peak volt- 
ni hge is governed largely 


y the separation between 


> 










| whe tungsten electrodes. 
By this device it is [a i>, at is ' 
possible to have 5 or 10 . ri 
5 even as high as 30) 
F lischarges of equal mag- Fig. 2— Protruding Corners of the Chip Are Ground Off on the Left- 
: Fnitude within a half cvcle Hand Wheel, and a Flat Cone Shaped on the Right-Hand Wheel 
f voltage from whatever 
: power supply is being used. This increase in period of time is multiplied by a factor of five or 
- number appears to excite a prepared surface ten, it is reasonable to expect greater uniformity 
- more thoroughly. in the amounts of the various elements which are 
: Preliminary tests indicate that such an being vaporized. 
increased number of discharges might also The mechanical advantages of this arrange- 
| improve the analytical accuracy obtainable with ment over a motor-driven interrupter are obvious, 
° jiat surface specimens. It is generally believed and it should be noted that it also acts very 
that the principal fault in flat surface sparking effectively as a safety device since it will not 
a echnique is the inability to control the discharge allow a voltage to accumulate on the condenser 
: ver a given area of sample. For this reason, larger than that required to break down the gaps. 


From the great vol- 
ume of experimental 
work that is going for- 
ward in this field of anal- 
ysis, Many improvements 
in technique and equip- 
ment are bound to 
emerge. These remarks 


are intended to present 


ce 

his some of the solutions that 
al have been found most 
4 suitable so far, to meet 


problems arising in this 
laboratory, hopeful that 





hig. 3— Air-Gap Interrupter Used in Place of Ordinary Syn- they may be of value to 


hronous Interrupter to Increase Largely the Number of Dis- others confronted with 
charges per Cycle and Provide Better Excitation of Flat Surfaces similar problems. 8 
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NE Steels for 


Steering Knuckles . 


and Axle Drive Shafts 


Prior to the critical months of 1941, steering 
knuckles for farm equipment such as tractors 
and trucks were being forged from a material 
whose ranges somewhat resembled the present 
A.LS.1. E4132. The main dissimilarity concerned 
the manganese limits; an openhearth steel with 
30 points higher manganese on the maximum 
This 
type of material was then replaced by a carbon- 
molybdenum steel, but by the summer of 1943 it 
was again changed when, at the completion of a 


side of the range was used for knuckles. 


program of testing, it was decided to forge the 
part from NE9440 steel. It might be added, how- 
ever, that more recent experimental work sug- 
gests the possibility of using NE8632H, with 
hardenability limitations, sometime in the very 
near future. (See Table I.) 

In the article published in July, reference 
was made to the basic problem encountered dur- 
ing a replacement program, and it was stated 
that the initial consideration was one of arriving 
at a desired hardenability, and from that the 
required physical properties. 

Experimental data accumulated during tests 
indicated that very little change in heat treatment 

*Of the authors, Mr. Clark is works metallurgist 
and Mr. Walker is metallurgist at the Fort Wayne 
Works of International Harvester, and Mr. Jameson 
is works metallurgist of its West Pullman Works in 
Chicago. A previous installment appeared in Metal 
Progress last month under the title “NE Steels for 
Bearings and Bolts in Farm Equipment”. 


By J. H. Clark 
J. D. Walker 
and A. S. Jameson 


Vetallurgists* 
International Harvester (, 


was necessary in order | 
bring the NE9400 knuckle 
within the hardness rap 
experienced with the 4) 


ge 
39 
material. To illustrate this 
knuckles forged from 
the pre-war 4132 steel wer, 
normalized at 1650° F., the 
heated to 1550° F. 
time quench in water at 


with d 


controlled 
85 to 90° F. 


was followed by a tem 


temperature 
This proced 


that varied according 
conditions, but whic! 
exceeded a minimum | 
perature of 975° F. Ino 
to obtain hardnesses with 
the range limits of the 4132 steel, it was f 
only necessary to increase the tempering tem 
ature of the NE9440 to a minimum of 1050 


Table I— Average Chemical Compositions 





HIGH 
MANGANESE | NE 9440) 8632 
E4132 


ELEMENT 


Carbon 0.31 0.41 0.34 
Manganese 0.75 1.05 0.75 
Silicon 0.28 0.28 0.28 
Sulphur (max.) 0.04 0.04 0.04 
Phosphorus (max.) 0.04 | 0.04 
Nickel sees 0.45 
Chromium 0.95 | 0.40 
Molybdenum 0.20 | 60.12 
Grain size at 1700° F. 5 to 8 5 to § 











In considering their hardenability 


| 


results could 


The as-quenched s 


determined that 
obtained on both steels. 
face and cross-sectional hardnesses of the NE? 
showed Brinell readings that permitted temper: 
at a temperature sufficiently high to guaran 
specified physicals similar to those of 410 


comparable 


maximum and minim 
99 heals 


Figure 1 shows the 
as-quenched hardness readings on 
each steel in 1%4-in. round bars. 

seen that the NE9440 shows considerably hig! 
To check this ! 


It will ! 


hardenability as quenched. 
ther, surface and cross-sectional hardnesses 
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experimen | and production-control knuckles T T 
of both steels were taken on the heavy end of 653 SS | | me SS 
the spindle at the inner bearing. G0! i iO UBBioini 
The question may arise why a diameter of 5565 LN Bad 1? HOW. 
;{, in. was chosen for the hardenability bars sa (Ze ~ ; SQ, ga S37//} 
represented by Fig. 1. The answer is quite sim- 8 al /////// ESSN SQ? 
ple. That | articular size duplicated the diameter ‘Ss 477 TP-KNOWAWASY 7777 
of the heaviest section of the spindle at the 3 AH i Oa ee, ee 
r i inner bearing. This, therefore, presented an Lt 4/5 LUI, LW, LL 
les accurate picture of the potential hardenability SB 338 Yi" LY Band for B20 tei 
Inge of the material prior to heat treatment of actual = 393 UML 
1139 parts in production. <a) 
his, Everyone is well aware of the important ot Mil ~\ 
Om FF fynction steering knuckles perform day after 52! }- t - “+ t 
vere MB day under varying speeds and road conditions. + 
hen H¥ consequently, it requires little imagination to Surlace Y2P center V2 h SUIVACE 


ha alize that a fai so vital a part could very Fig. 1— Maxima and Minima Hardnesses for 22 Heats 
realize that a failure of so vital a part could very & 

ita readily result in a serious accident. For that of Old and Alternate Steels for Steering Knuckles. 13 i: 

of 00808 the physical properties of the knuckles in. rounds were normalized at 1650°F ., water quenched 





























lure More an important consideration. Additional from 1550°F., sectioned, and their hardness surveyed 
ip emphasis is placed on this statement when it is 
realized that the knuckles are closely controlled Half of the reported knuckles were forged from 
\() Mi through actual operational tests on the proving 4132 material (9 heats represented) with the 
“tl B® crounds, as well as by metallurgical means dur- remainder being NE9440 steel (2 heats repre- 
a ing their manufacture. sented). At center and right of Fig. 2 is also 
hin It might be well to underline the fact that shown the relationship of the tensile strength to 
‘MB hardness is related to tensile strength. Con- the yield strength and the reduction of area. As 
sidering this fundamental truth, it could be a matter of further comparison, the strength factor 
reasonably expected that very similar tensile for the same two sets of knuckles was computed 
5? T —— } 7 T 
_ &TlLI?d I COCTTLE LE LT? 1 
> 148 +—+ + + + + 40 + + + + + 2 + +2 4 ; + ; + 
R144 a a ee eRe ee ee altel ae 
N a . | 0 4/32 | . | | — 
N 40) | ; ; + + t—of— 0 + + + + + + +-O-+ ; ; } + + ; + ; ; ; 
j Se .| ° ~< e 9440 °°? ° pb °] ms 
; S (36 | , + : . ot + + + + +——+ | + e° + + + + 4 . i i i 16 j 
. ate | . e|? ®e 
§ 8 /32 | o@-o4 + + + + + +— @+ +- 0-0 + + } +—@+ ; Co 
. | 2 ° . 
{ a e ad . > 
28 e + + 4 + + + +-@- + + + © +—@ 
8 e * | 
Be | 1) Tensile Strength || [*°o| | Tensile Strength do 
) ~ ° 17S/ 1) 1781 ' 
Ol ee panties 4 tt seve Yl? Strength lensile Strength 
mt a Versus Keouction of Ares 
_ “98 255 262 269 277 285 293 SQ? 31! 324 33/ 100 104 108 M2 WE 120 124 128 132 136 5S? 5? 56 53 60 & 64 56 68 70 
Brinell Hardness Yield Strength, 1000 Psi Reduction of Area, Yo 
as ig. “— Relationship of Tensile Strength to Hardness, Bars Machined From Inner Bearing on Completed Steer- 


BB )ield Strength and Reduction of Area of 0.505-In. Test ing Knuckles Made of 4132 and 9440 Steels (12 of Each) 





| properties would be obtained, in view of the hard- in terms of Schenck’s “P” value, where P equals 
: hess results obtained on the two steels. tensile strength divided by 5000, plus 6/5 the 
Figure 2 shows at left the relationship of the reduction of area. Results follow: 
core hardness of 24 knuckles, picked at random, nanny 139 , i 
lo their tensile strength. Hardness was deter- ee 3 eye — 
mined by surface grinding a flat on both sides of on — so oe 
: . Minimum value 93.9 94.0 
ene end of the 0.505-in. standard test bars, Arithmetic mean of 12 tests 101.5 96.2 
machined from the location of the inner be: ring Standard deviation* +2.9 +2.0 
radius. Owing to a taper on the spindle, the bars *Limits within which 75% of the observations 
Were taken from the approximate core of the part. | may be expected to fall. 
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Tests conducted during the experimental test 
programs indicated this similarity of physical 
properties to be a fact, as judged from _ the 
response obtained when the two steels were heat 
treated to the required hardness. Under con- 
ditions of adequate production heat treatment il 
could be concluded that the physical properties 
of the NE9440 steels were equal to those of the 
4132 steels formerly used. 

Proving Ground Tests Brief reference has 
already been made to the fact that performance 
is additionally controlled by actual test runs on 
the proving grounds. For the benefit of those 
unfamiliar with such a test procedure, it might 
prove beneficial to review briefly the basic prin- 
ciples involved. 

When the vehicle has been prepared for a 
test run through the installation of a test knuckle, 
an outrigger is attached to the chassis to prevent 
the unit from turning over. This attachment is 
adaptable to different chassis and to any model. 
Figure 3 clearly illustrates the outrigger in posi- 
tion during a test run. The test course is 
approximately 60 yards long and is built on hard 
clay ground. Upon completing a test, the course 
is leveled and the loose ground permitted to settle 
and harden by rain and sun before another test 
is conducted. 

Tests on knuckles are always operated in 
conjunction with production material in order 
to provide a method of comparing the desirability 
of the test product. A complete test is made 
with the special steel having been operated on 
both ends of the axle right and left hand. If, 
for instance, the first ‘+st is conducted on the 


Fig. 3 


left side, the second will operate o 
During the run the vehicle is driven 
eight. This alternates the maximum 
on opposite wheels once each cycle. he figy: 
eight run is reversed every ten laps order | 
provide each wheel with maximum thrust 

both ends of the course. This is dor 


With th. 
front axle loaded to a rated weight and at a «» 
I 


of approximately 20 miles per hour before neg i. 
ating a curve. At that speed the wheels 
sharply cut to the maximum turning angle yy 
the curve is completed. Figure 3 sho 
test vehicle going into a sharp turn. 
After 30 to 40 miles of this type of driving 
the knuckles are removed and inspected for am 


S Sue I 


indication of initial cracking. If no conelysi 
trend in failure is apparent, the 
replaced and the test run continued until suc 
Production 


knuckle 
indications are evident. knuckles 
from former years, of which there is a satisfy 
tory field service background, provide the neces. 
sary gage for appraising the new part unde 
consideration. As a result, if the trend of failur 
during the tests concurs on both new and 
axles, we assume that the expected life character. 
istics of the test knuckles have been achieved 
Laboratory Endurance Testing 
to have been said by an ancient Chinese philoso- 
pher that a picture was worth ten _ thousand 
words. In the interest of economy of space a 
clarity of description that method of narrali 
has been chosen to describe another type of test 


It is believ 


on steering knuckles. Figure 4 shows a tes! 
stand designed to approximate the bending 


fatigue loads encountered in service. 


-A Test Vehicle Going Into a Sharp Turn at the Approximate Speed of 


20 Miles Per Hour, With the “Outrigger” Preventing the Chassis From Upsetting 


ie 
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watory Stroking 


ght rig 4 
Machine ed in Accelerated 
Tests of ring Knuckles for 
lure Fatigue. Knuckle 


ad is fixed in jaw at right end 
horiz ul stroking bar, and 


th nindle in clamp attached 
ms 


frame the testing machine 


Basically, the principle 


avolve ; very simple and 
the fixt is readily adapt- 
ible | rious size knuck- 
lc Tt is an accelerated test 


which causes failure in a 
mparatively short time by 
ng normal loads, but 


USiis 


applying them and releas- 





them much more fre- 


= 


juently than would be 





ncountered in service. When installed in the tions, purchased to a special analysis in order to 
_ lest position and the test put into operation, the obtain a maximum response to heat treatment. 
fatigue properties of the knuckles are determined Owing to conditions in the alloy market, it was 
nder those alternating axial stresses. After necessary to substitute A4068 with a restricted 
establishing definite cycles to failure, compari- manganese range; this was later replaced by 
sons can be quickly made between standard and NE9450, the steel now being used. The trend of 
lternate steels or designs. experimental work suggests the adaptability of 
Prior to a testing program of this sort the NE8650H (hardenability specified) for axle 
engineering department determines the condi- shafts. 
ns of the test and the subsequent load (in Everything that has already been written 
. pounds) which is applied through the stroking concerning the problem of duplicating the hard- 
‘ wm by the adjustable eccentric at its left end. enability and resultant physical properties of the 
; Factors involved in the test also control the steering knuckles with respect to replacement 
. elective length of the stroking arm in inches. steels can be repeated in the case of the axle 
From the known dimensions (including the diam- drive shafts. Here again the basic consideration 
eer of the knuckle spindle) it is a matter of was one of arriving at methods of processing in 
vithmetic to arrive at the stress localized at the order to meet the physical requirements stipu- 
spindle lated for the older standard steel. 
During such a test, each knuckle is stressed As a means of illustrating the similarity of 
complete failure, with the number of cycles heat treatments given both steels in order to 
survived being registered automatically. Under duplicate the hardness ranges, the following 
standard accelerated test conditions, loads are set information is offered. 
produce failure within 500,000 bending fatigue Axles forged from both 4145 and NE9450 
yeles were normalized at a temperature of 1650° F., 
\s the result of those test programs, it was then heated to 1525° F. and given an automat- 
ielermined that the NE9440 steels would give ically timed pressure quench in oil at 130° F. 
service performances equal to those expected Both steels were then subjected to an over-all 
‘rom the pre-war 4132 material. In terms of temper, starting at the approximate minimum 
service life and dependability, that laboratory temperature of 925° F. The tempering tempera- 
belief has proven well founded. tures for both steels, naturally, varied with the 


chemical composition of the heats of steel 


Axle Drive Shafts involved in the processing. As a last operation, 
the axle flanges were tempered by induction heat- 


In addition to changes in steels for bearings, ing to a desired hardness. 
Its, and steering knuckles it was necessary to Although not based on actual heat analysis 
hange axle drive shafts from a steel which but instead on average specification ranges, Table 
ippre lated the latest A.I.S.1. A4145 specifica- II (on the next page) gives the approximate per- 
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‘entage of : : ained i . : » present, : , 
centage of alloy contained in the old, the prese Table Il — Steels for Axle Drive Shafts 
and the probable future steel. 

Using the previously mentioned heat treat- 
nt, it was founc : » hardenability of the ; ‘ 
ment it i ound that the irdenability y Piette 0.45 0.51 
steels in question was quite comparable. Figure Manganese 0.75 1.35 
5 represents the as-quenched hardening charac- Silicon eee 0.28 
teristics of 4145 and 9450 from surface to core. Sulphur <0.04 <0.04 

. . . . » ® 4 
A marked similarity can be seen for the 32 heats Phosphorus <0.04 | <0.04 
: to, ; “Ge Nickel a ee | 0.45 
of both steels, with the maximum and minimum <a an 
; ; Chromium 0.95 (a) 0.40 
hardness figures forming the band boundaries. Molybdenum | 0.23 0.12 
The data were taken from 118-in. round bars. 





ELEMENT S.A.E. 4145 | NE945) 











(a) Chromium also purchased to special! 
which permits an average of 1.10%. 





vehicles performing heavy duty service are syb 
jected to considerable abuse. This may take th 
form of severe and repeated overloading, 
exposure to operational and service condition 
that develop a series of torque or stress applica. 
tions at or above the yield strength of the mate. 
rial. As a result, it is not at all surprising that 
such axles occasionally fail. 
—_ With this in mind, one realizes the impor. 
Band for 9450 tance of having some means of predicting fairl 
closely the expected endurance limit of an axk 
processed from a test material, as well as fron 
Surface me Genter yp, Cures steel in regular production. 

Certainly some indication of performance 


Brine! Heraness 











Fig. 5— Maxima and Minima Hardnesses for 32 characteristics can be drawn from the tensik 
Heats of Old (4145) and Alternate Steel (9450) for properties of test bars machined from the finish 
Axle Drive Shafts. Round bars, 1.592 in. diameter, and heat treated axles and pulled in tension. | 
were normalized at 1650°F., pressure oil quenched at examining such figures for strength, it must be 
130°F. from 1550, sectioned, and hardness surveyed kept in mind that the basic criterion of a loaé- 

carrying ability is expressed in terms of yield 
This size approximated the diameter of the axle strength —that is, the unit load that can bk 
shafts at the splines, thus permitting a more carried without appreciable permanent deforma- 
accurate interpretation of the hardening char- tion. Bearing in mind the limitations and draw 


acteristics of the shafts after production heat backs of a tensile test, due to the fact that the 
treatment. numerical results are based on a standard speci 


It is a well known fact that rear axles in men of 2-in. gage length and 0.505-in. diameter, 
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d the mption of a uni- 
form | »s over the entire 
65-Set 1, additional test- 
ethods were regarded 

‘he sary for accurate 
nredicti as to the life of 
- axle , other words, the 
physi property values 
btained on a small section 
test bar) are only true for 
the large section when the 
large section itself hardens 
lar through to the same 
tent that the test piece 


joes. This is primarily true 
for the deep hardening steels. 

was therefore helpful to 

rporate a torsion machine 
nd dynamometer in axle 
sting programs. This is 
pplied to production control 
rk as well as to prelim- 


nary tests for the qualifica- 


f new steels. 


ated ti laes’ 
Brat te peat ks 


Table III — Torsion Tests on 


34 Axle Drive Shafts 








S.A.E. 4145 


TwISsT, 
DEGREES 


1426 
1466 
1376 
1462 
1524 
1324 
1384 
1611 
1472 
1486 
1406 
1593 
1422 
1390 

383 
1440 
1353 

Average 

1383 


TORSION, 
In-Lb. 


110,400 
110,000 
107,600 
111,000 
112,000 
112,000 
115,000 
111,000 
112,000 
113,000 
119,200 
117,500 
119,800 
121,400 
116,800 
117,600 
113,800 


Average 
114,125 





NE9450 


TwiIsT, 


DEGREES 


1353 
1166 
1364 
1392 
1583 
1431 
1076 
191 
1325 
535 
1413 
1403 
1474 
1547 
1183 
1131 
1080 


Average 


1232 


TORSION, 


Average 


InN-Lp. 


113,800 
110,400 
115,800 
111,900 
115,500 
113,800 
116,300 
111,900 
112,300 
110,100 
110,200 
104,000 
116.200 
109.400 
120,000 
120.000 
120.500 


113.600 








It has been mentioned that the response of 
the two axle steels to heat treatment resulted in 


similarity of hardness after tempering. 


Conse- 


juently, it would be reasonable to expect that 


their physical properties would be equally com- 


parable 


\n interpretation of the results obtained 


from production and development tests indicated 


this to be a fact. 


Fig. 7 


On the basis of those various 
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nee.0 
44 babs = 
ove os 4a? : 
r ° eb Ae tei 


rete) « 


and subsequent 
reports from the field, it 
must be concluded that the 


tests 


physical properties of the 
NE9450 steels are very sim- 
ilar to those of the original 
$145. 

Tension Tests 
of illustration, attention is 
called to Fig. 6. At left is 
the relationship of 


By way 


shown 
core hardness of 36 axles to 
their tensile strengths; 18 
represented axles forged 
NE9450 (9 
the 


processed 


from heats) 
remainder being 


1145 (9 


Tensiles and hard- 


with 
from 
heats) 
nesses were determined 
from standard 0.505-in. test 
the 


spline end of the axles. Fig- 


bars machined from 


ure 6 gives additional rela- 


tionships of the yield and 


reduction of area to the tensile strength. 


Torsion 


Tests 


Brief mention has already 


been made that equipment for axle torsion tests 


as well as chassis dynamometer equipment enters 


into the production control and development pic- 


ture to a great extent. 


Inasmuch as that equip- 


ment has proven to be of considerable importance 


in the evaluation of test materials, it might be of 


Condition of Axle at the End of a Torsion Test. Ar 


row points 


to spiral line, originally a straight mark along the side of the shaft 
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interest to include a few comments on this phase 
of the investigation. 

Torsion, as the name implies, means the 
twisting of a body by a couple which turns one 
end about a longitudinal axis, while the other end 
is held stationary. Figure 7, page 255, shows an 
axle torsional machine of 600,000 in-lb. capacity 
at the end of a test. 

To start the test, a specified pre-load is 
applied and the permanent set of the axle 
recorded. (This is considered as part of an 
percentage of the 
During this 


inspection program, and a 
shafts are periodically checked.) 
phase of the torsion test, the set must not exceed 
a maximum number of degrees if the inspection 
specifications are to be met. In applying the pre- 
load, the diameter of the test axle is taken into 
consideration. When the permanent set has beeu 
recorded, the load is re-applied and the shaft 
twisted to destruction. 

Generally speaking, two axles representing 
each heat of steel are twisted to destruction as an 
additional control during production. The maxi- 
mum load required to induce fracture is recorded 
in in-lb., as well as the total permanent set or 
twist. Figure 7 illustrates the result of such a 
test; the spiral paint line indicated by the arrow 
on the photograph clearly illustrates the degree 
of twist. 

This test evaluates the suitability of a mate- 
rial for uses which involve lateral as well as 
longitudinal stresses, where the part must have 


sufficient torsional strength to support normal 


Fig. 8 


ing a Test Run. 


loads as well as occasional moderat 
Table III gives some of the res 
will be seen that the NE9450 materig 
parable to the original axle steel. 
tabulated involved a total of 34 shafts 
Dynamometer Tests It has already he 
stated that additional data on the duran 
limit of the axles is gathered from the resy}j< 
This testing js ¢ 


chassis dynamometer tests. 
on equipment as pictured in Fig. 8, wherein 4 
test chassis has been driven into position 


stationary operation, with rear wheels carefy 


centered on the rolls. 
instrument control panels where pertinent 


In the background 
concerning such variables as engine speed, | 
return of load to zero, differential action. 
slippage, and any unusual conditions of chassis 
or operations are recorded. If, during any inves 
tigation that involves axle shafts, transmiss 
gears, differential gears, or any other operati 
part, failure occurs to a part not under consid 
tion, that part is also examined and data about 
gathered for future use. 

In subjecting experimental and product 
control axles to a series of shock loads or clut 
impacts, load applications are applied by a sha 
disengagement of the clutch. During this p 
cedure the wheels must be completely stop) 
before each impact. Complying with a designat 
test pattern, the impacts are transmitted | 
axles at a ratio of three forward applications | 
one in reverse. Naturally, the rate of the impa 
vary according to chassis size and different 


Test Chassis Mounted on Dynamometer Rollers, Prior to Start- 


Control panels and recording instruments at right rear 








Lael 














vever, the average will be between 
mpacts per min. 

As result of this standardized routine, 
irative figures may be presented. Two 
tests on axles of 4145 steel were as 


groups 
llows Group | Group Il 
Nul of tests 36 25 
Ave clutching impacts 615 665 
rh groups of tests on axles of NE9450 


re available showing number of impacts to 


fracturs Group | Group Il Group Lil 
Number of tests 35 3 36 
sverage clutching impacts 475 565 655 


\ note about the above figures is in order: 
Since the original data were collected on the 4145 
axles, the motor installed in the test chassis has 
been changed. This resulted in a 5% increase in 
ihe maximum torque developed by the motor. 
\s a result, a direct comparison cannot be drawn 
between the impact resisting values of the NE9450 

des and the 4145 axles; however, it was felt 
that the average impacts survived were of suffi- 
cient interest to warrant including them. 

is auxiliary information the “P” values 
were computed for the axles tested as in Fig. 6 
17 from 4145 and 17 from 9450. It will be agreed 
that these figures indicate an NE steel quite com- 
rable to the older S.A.E. steel with higher alloy: 


S.A.E. 4145 NE 9450 


Maximum value 106.1 107.6 
Minimum value 86.4 89.0 
Arithmetic mean 100.0 90.4 
Standard deviation +4.4 +3.9 


\ thorough analysis of the over-all figures 
btained from all the tests, including the dyna- 
mometer tests on axles, definitely indicate that 
the tensile, toughness and endurance limits of 
the NE9450 are equal to those of the 4145. That 
such experimental and production data present 
an accurate interpretation of the fatigue char- 
acteristics of the axles is being substantiated 
day after day under service conditions. 


Transmission Gears 


Experimental and field data have indicated 
that much success has been achieved in adopting 
the National Emergency steels of the 9400 and 
It might be 
said that the majority of the gears in the trans- 
mission units now being assembled are being 
‘orged from the NE steels of those series. How- 
“ver, In some transmission gears which carry 
*\tremely heavy loads, high nickel steels have 
hot been replaced as yet. 


Qf . 2s 
‘000 series for transmission gears. 
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As in other critical parts, transmissicn gears 
are subjected to load tests designed to impose 
maximum conditions on the teeth. This type ol 
testing is done in an ordinary dynamometer, as 
outlined below. 

When certain experimental or production 
control test gears are to be run, they are assem- 
bled in a transmission unit and installed on one 
end of the dynamometer stand, ordinarily with 
a standard set on the other end. A predetermined 
load, expressed in terms of ft-lb., is applied. 
This load represents a certain percentage of the 
maximum torque of the motor, and as would be 
expected is governed by the size of the unit under 
test. Two transmission units are ordinarily oper- 
ated simultaneously on the stand. They are 
operated against each other one clockwise and 
the other counter-clockwise with the test gears 
being installed in the unit running in a clockwise 
manner. This setup permits the test transmis- 
sion to be operated at various speeds without the 
necessity of a variable speed gear box to complete 
the circuit. 

At various intervals, after the break-in 
period, the general condition of the transmission 
is examined, with particular attention being paid 
to the teeth bearings or contacts. As a general 
rule, the test runs are discontinued when it is 
quite evident that pitting is prevalent. 

Additional data are accumulated on trans- 
missions by installing them in a test chassis, then 
operating them under shock load or full throttle 
on the chassis dynamometer. This full throttle 
test differs from the shock load (impact) test 
since the gear teeth experience no momentary 
shock or impact blows. However, they are sub- 
jected to combined wear and bending fatigue. 
From the information recorded on test and pro- 
duction control gears, much valuable data are 
gathered on the fatigue resistance and mechanical 
properties of the transmission units. 

In conclusion, data have been given in this 
and the preceding article relating to the substitu- 
tion of NE steels for those previously used for 
roller bearings, bolts, steering knuckles, axle 
shafts, and transmission gears. 

The object of all the test procedures was to 
obtain step-by-step information which would 
allow the use of the new steels, economical in 
alloys, during the emergency when alloying met- 
als were scarce, and at the same time produce 
parts which would be capable of satisfactory 
performance under normal service conditions. 
From field reports, there has been no reason to 
suppose that where the NE steels have been used 
they have not given service comparable with the 


& 


original steels they replaced. 
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Bits and 


Pieces 


Polishing Microspecimens 


for Production Control 


¢ PRODUCTION CONTROL it is desirable to seek 
speedy and rapid methods, especially since we 
have a great variety of alloys to examine. The 
method given below has been developed after trial 
of various procedures and will be of interest to 
those who must make routine investigations for 
inclusion content. For best results, specimens 
must be hardened in order to retain the inclu- 
sions. With the following procedure the speci- 
men can be prepared in 5 to 7 min. 

Rough Polish If the specimen is small it 
should be mounted in some plastic. The speci- 
men is first given a smooth flat grind on No. 1 
emery paper on a belt grinder. This should be 
done slowly to prevent the specimen from heat- 
ing. Belt grinding is followed by hand polishing 
on 1/0, 3/0 and worn-out 3/0 metallographic 
paper, turning the specimen 90° after each paper. 

First Wheel — The first wheel to be used 
immediately after the papers is one that is cov- 
ered with a good grade broadcloth from a tailor 
shop or dry goods store, securely stretched and 
fastened. The solution consists of eight teaspoons 
(heaping) levigated alumina with 30 cc. of liquid 
soap in 38000 cc. of distilled water. (No. 1557, 
from Adolph Buehler, Chicago, is quite satisfac- 
tory.) This should be thoroughly mixed and 
decanted in a small flask when needed, leaving 
behind the very coarse particles. Recommended 
wheel speed is 700 r.p.m. The specimen should 
be given a fast circular motion with no side sway. 
Without circular motion, the inclusions tend to 
drag or pull out, causing comet tails. About four 
or five turns with heavy pressure can be applied 
to the specimen. Then proceed with about 
four or five turns of light pressure. Do not 
leave any specimen on any wheel any great length 


aed ; , ‘— ? S > > 
Bits and Pieces” is a department practiciy 

metallurgists and metallographers, and they », 

invited to send in short notes about practic 


f n S book 


your choice is offered for publishable itor 


that have been found desirable. 


of time because of the danger o| pitting 
If scratches are found, it is advisable | 
back to the papers and start anew 
Final Wheel 
on “Gamal” rubberized polishing , 


Final polishing is ¢ 


using “Gamal” polishing solution wit) 
The best 
centration of solution is found by e per 


wheel speed of 250 r.p.m. 


menting, and usually is 1 ce. of “Gay 
to 20 cc. of distilled water. The s 
tion recommended by Fisher Scientific ( 
is more dilute and wastes polishing tim 
The specimen at this stage is given a rad 
motion utilizing a side sway molion wit! 
Follow this 


with a few turns of circular motion with slight 


medium pressure for a few seconds. 
pressure. One application of polishing solut 
should be sufficient. 
the solution is slightly acid; to overcome this 


A relief polish indicates that 


small amount of a mild alkali such as tri-etha: 
amine is added. (C. J. SUMMERFIELD, Metg 


lographer, Babcock & Wilcox Tube Co.) 


Alignment Chart for Computing 


Diamond Pyramid Hardness Number 


rPVHE LIGHT LOADS, precision, and wide range of 

the diamond pyramid hardness tester hav 
made this tool an indispensable part of our meta 
lurgical research laboratory. The introduction 
of the Eberbach hardness tester, where lo: 
low as 7.5 g. may be used, extended this already 
valuable test into the microscopic region. One ol 
its chief disadvantages, however, is the tim 
required to compute the hardness number tr 
the diagonal length of the impression. Tables 
are provided for the higher load ranges, but th 
low load range of the Eberbach must be used 
with the formula: 

1.85441 
D2 
diamond pyramid hardn 
number 
L = load in kilograms 
D = diagonal length, millimet 

This equation can become rather ann 


D.P.H. 


where D.P.H. 


especially where a large number of reading 
be made. The nomogram shown in the dal 
page 296-B, was designed to solve this « 


and has saved considerable time. It is es 
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* ful where several readings are made with the described in the Journal of Research in 1934 
cing ust A > ° ° . . 
1 yme con nation of load and microscope objec- (Research Paper No. 649) and need not be 
are Sc * oe 
ti sve, An additional factor (M scale) was added repeated here. The results do not always agree 
(Pe t ° . . . . . . » 
Los low for the different micrometer calibrations with values in published data, which may be due 
. of . 4 4 > > . . . . Mé . ‘- 
for Vari eyepiece and objective combinations. to the fact that drying efficiency varies with dif- 
PMs | ‘ . ‘ A 7 ‘ . 
rhe formula then becomes: ferent lots of the same agent, depending on details 
DPH 1.85441. of manufacture and subsequent treatment. Our 
8 pais sd (MD’)2 results are given in the table below. (Jounn H. 
° here M-=the eyepiece micrometer calibration Bower, National Bureau of Standards) 
in mm. per micrometer division 
D’ = length of the diagonal in eyepiece 
micrometer divisions Distinguishing Aluminum Bronze 
rhe length of the diagonal as seen through From Manganese Bronze 
‘he microscope and measured with the eyepiece 
wierometer is used directly in the nomogram : coe _ 
—_— : ASKS, fad A B. Cornett of the U. S. Bureau of Mines has 
without converting to millimeters. The split L : . sive 
| * published an acid test to distinguish between 
nd D seales enable one to compute either the oe 
. . ; aluminum bronze and manganese bronze. The 
w load range of the Eberbach or the high load : : — 
a procedure is as follows: (a) Clean by grinding; 
range of the standard Vickers test on the same : Y/ 
, sae ; (db) spray the spot with dilute sulphuric acid and 
" mogram with equal facility and with no loss 1. 
7 allow it to react several seconds; (c) add a drop 


,aecuracy. We have found the chart to be well 
within the accuracy of the load and diagonal 
ength measurements. (HAROLD Rospinson, Metal- 


irgist, Republic Aviation Corp.) 


Comparative Value of Desiccants 


many dehydrating agents are used (or 
5 recommended) for drying furnace atmos- 
pheres and other gases used occasionally by met- 
y of tests made at the 
of Standards may serve as a 
Methods of test were 


VINCI 


llurgists, a summary 
National Bureau 


basis of comparison. 


Comparative Efficiencies of Various Dehydrating Agents 


of indicator solution (ammonium-mercury thio- 
cyanate, silver nitrate, ammonium persulphate) 
and a grayish-purple spot shows manganese 
bronze, greenish-yellow identifies aluminum 
bronze. Complete details are given in Bureau of 
Mines’ Report of Investigations, No. 3786. 
Anyone having access to a direct-current 
welding machine can differentiate between these 
alloys in less time than it takes to grind the sur- 
face. Using a carbon electrode, with negative 
polarity, strike an are to the unknown sample 
and listen! The are to aluminum bronze is prac- 
tically noiseless and the current is steady; the 
are to manganese bronze is accompanied by a 
hissing or crackling 
sound, due to volatiliza- 
tion of zinc; the intensity 





VOLUME OF lr eee 
AIR PER HOUR! LOTAL VOLUME | 


> AIR PE 
pens | © A Pee 


LITER OF | MILLILITER OF 


eSICCAN 
| pesiccanr | DESICCANT 


MATERIAL 


of the sound is about the 


RESIDUAL WATER PER same for the various 
LITER OF AIR and 


manganese bronzes 


ordinary yellow brass 


— ; li =| rod. Tell-tale white 
m iters | m¢ 
4 smoke (ZnO) is evolved 


CuSO, (anhydrous) 36to50 | 0.45t00.7 | 2.8 (2.7 to 2.9) 


9) 
CaCl, (granular) 66 to 165 6.1 to 24.2 1.5 (1.4 to 1.6) : 
CaCl. (technical, ing zine and the current 
anhydrous) 115 to 150 | 4.0 to 5.8 | 1.25 (1.23 to 1.27) fluctuates. Yellow 

ZnCl; (sticks) | 120to335 | O.8to2.1 | 0.98 (0.94 to 1.02) can be distinguished 
Ba(ClO,). (anhydrous)| 26 to 36 2.3to3.7 | 0.82 (0.76 to 0.88) Same 

NaOH (sticks) | 75 to 170 2.3to 8.9 | 0.80 (0.78 to 0.83) soley Mig ag net 
CaCl, (anhydrous) | 75 to 240 1.2to7.8 | 0.36 (0.33 to 0.38) : ardness. 
| 0.031 (0.028 to 0.033) 


from the alloys contain- 
brass 


manganese bronze 





On Navy G bronzes, 








Mg(Cl0,).- 3H3:0 | 65to160 | 4.0to7.2 | 
KOH (sticks) | 55to65 | 3.2to7.2 | 0.014 (0.010 to 0.017) the arc makes a noise 
Silica gel | 43 to 59 2.1to 5.2 | 0.006 (0.002 to 0.01) intermediate between 
CaSO, (anhydrous) | 75 to 150 1.2to 18.5 | 0.005 (0.004 to 0.006) that from manganese 
“a0 | 60to90 | 7.6to 10.1 | 0.003 (0.003 to 0.004) and aluminum bronzes, 
Mg(C10,)2 (anhydrous)| 43 to 53 | 2.8to5.9 | 0.002 (0.0016 to 0.0024) although the color differ- 
ALO | 36to63 | 5.6to6.2 | 0.001 (0.0008 to 0.0012) sihsate- dni kines: Cdaiiiaten 
Bad 64 to 66 10.6 to 25 0.00065 (0.0006 to 0.0008) : . ” 


should prevent anyone 
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from confusing the tin bronzes with these harder 
materials. 

We use the arc method as a routine test to 
distinguish between aluminum bronze and zinc- 
bearing silicon bronze (which is a wartime sub- 
stitute); for some reason the are from the latter 
alloy makes the most noise even though some of 
the other alloys contain three times as much zine. 
The spot made by an are of short duration is so 
small that the test is non-destructive in many 
applications. An alternating current are is too 
noisy, and even the direct current are sputters 
too much on both alloys if the polarity is reversed 
(electrode positive). (R. W. Parsons, Chief 
Metallurgist, The Ohio Brass Co.) 


Tinning a Cast Iron Bearing Back 


OTES on precautions for tinning a steel bearing 

back or shell were given in Metal Progress 
for July (page 89). The preparation of cast iron 
boxes represents a special problem, and a chem- 
ical bond with the babbitt could not be made to 
until the so-called “Kolene” 
This requires two baths of 
proprietary chemicals. One bath is a molten salt 
bath which runs between 760 and 800° F. This 
is a very highly oxidizing bath and puts a coating 
It actually burns out 


my belief process 


was introduced. 


of oxide on the surface. 
some graphite flakes on the surface of the cast 
iron, and also has a tendency to decarburize 
steely parts of the microstructure. As_ stated 
before, the less carbon in the iron surface that is 
to alloy with the tin, the better. 

The shell as it comes out of this bath has a 
dark or black tone. It is then rinsed and placed 
in the second highly alkaline bath, which is a 
water solution, that dissolves off this oxide. The 
shell is again rinsed and given a very quick dip 
in a cold 10% hydrochloric acid which neutralizes 
any remaining alkali. Without further rinsing, 
the shell is then placed into zince-chloride liquid 
flux, and then into the tinning bath. 

The salt used for the first bath is quite hygro- 
scopic. Also, the alkali bath evolves ammonia in 
the reaction and therefore must be placed under 
a hood. The results obtained are so good that we 
have been willing to put up with the difficulties 
of handling the baths. 
number of crosshead shoes for large gas engines 


For example, we make a 


and these have always had grooves machined in 
them to hold the babbitt. Today we have elimi- 
nated grooves completely and have cut the thick- 
ness of the babbitt from %% to ,), in. with a great 
deal of success. (T. E. EaGan, Chief Metallurgist, 


Cooper-Bessemer Corp.) 


Simple Equipment for Electropolishin, 


Stainless Steel Microspeciimens 


YPECIAL TECHNIQUES, such as give 
S SCHAEFFLER in the August, 194 

Metal Progress (page 285) are requ 

duce scratch-free surfaces on st 
microspecimens. It is well known |! 
polishing will produce scratch-free su 

the recommended solutions require eit! 

or cooling, and are generally incon, 

the general metallurgical laboratory. 

When attempting to etch a stainless 
specimen electrolytically in concentrated 
acid the writer noticed that the specimen beca; 
covered with a reddish-brown film: after the { 


was removed the surface was lustrous 


Stainless Steel Dish Is Cathode, Pointed Rod |: 
{node for Electrolytic Polishing and Etching Solutions 


Based on this discovery, a ! 
method has been set up. (When inclusi 
to be studied this method is unsatisfactory 
method of electropolishing will preserv 
Procedure is as follows: 
1. Mount in plastic (for small specim 


scratch-free. 


wires, and so on). 

2. Belt grind (80 and 150-grit “Try-M-l! 
belts). 

3. Machine polish (150-grit “Aloxi! 
Baker’s chrome oxide). 

4. Electropolish in cone. HNO, for 

». Electro-etch in 10% oxalic acid f 

The above illustration is evidenc 
simplicity and convenience of the appara! 
anode contact is made by means of the 
rod. The stainless steel dish serves as 
ode. (OtTTo ZMESKAL, Research Metallure 
versal-Cyclops Steel Corp.) 
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Basic Slags and 


Dephosphorization 


Y 
Certain PROBLEMS of steel 
manufacture keep recurring from 
time to time. For a long time 
steelmakers have tried to describe 
a “good” slag and to duplicate it 
from heat to heat and to distin- 
guish it, preferably in some simple 
way, from a slag that does not 
quite do the job. The latest infor- 
nation published on this general 
problem of slag and slag-metal 
relations is in three advance 
copies of the Journal of The Iron 
ind Steel Institute of Great Britain. 
Each of these papers is very 
thorough and will repay careful 
study of the original, as only the 
high points can be covered in this 
review. Their complete titles and 
ithors are as follows: 

“The Constitution of Basic 
Steel Furnace Slags”, by J. R. 
Nait and H. J. Goldschmidt, of the 
esearch department of William 
ssop and Sons, Ltd., Sheffield. 
“A Study of the Basic Open- 
learth Process, With Particular 
Nelerence to Slag Constitution”, 
by A. H. Jay, of the central 
research department of the United 
Steel Companies, Ltd., Stocks- 
bridge 

“The Phosphorus Reaction in 
basic Open-Hearth Practice”, by 
Y. K. Zea, of Steel, Peech and 
Tozer, Sheffield. : 

Messrs. Rait and Goldschmidt 
ile an X-ray study of open- 
Hearth and electric furnace slags 
‘y the powder method, and to 
‘IS reviewer it seems a bit disap- 
points that so much work is 
cone a slag with the merest 
‘“ention of the nature of the steel 


} 





that was made under it. This is 
no doubt an example of what hap- 
pens if a subject is divided into 
compartments and one assumes 
that after studying each compart- 
ment very minutely he will arrive 
at a general view of the whole 
problem. Any major investigation 
into the chemistry of the basic 
steel-melting processes must 
include a study of the constitution 
of slags and refractory linings and 
also the slag-metal, slag-refractory, 
and metal-refractory relationships. 
There is always the question 
of how best to bridge the gap 
between the liquid slag in the fur- 
nace and the solid slag that is 
studied. Rait and Goldschmidt’s 
investigation is based on the 
premise that a knowledge of the 
chemical and mineralogical con- 
stitution of the crystallized slags 
is a primary essential to the study 
of the slags in the liquid state and 
to the major study of the chem- 
istry of steelmaking. The further 
importance of constitution of 
basic slags is that its rapid deter- 
mination could be used as the 
basis of a scientific control of the 
slag during melting and refining. 
Another application of slag con- 
stitution is of greater importance 
in British practice than in most 
parts of America, namely, the use 
of basic slags for fertilizer because 
of the recovery of phosphate. 
Chemical analysis separates 
the slag composition into various 
oxides; the principal ones in basic 
slags being CaO, FeO, MnO, MgO, 
SiO., P.O;, FesOs, and Al.O,. Some 
slags, particularly basic electric 
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{ Critical Review 
by Frank G. Norris 
Asst. Metallurgical Engineer 
Wheeling Steel Corp. 
Steubenville, Ohio 


oxidizing slags, may contain small 
amounts of Cr.O, “Slag chem- 
istry” is concerned with the rela- 
tions prevailing within equilibrium 
systems of these oxides, and “slag 
constitution” refers to the com- 
binations or compounds of the 
above mentioned oxides existing 
at furnace temperatures. 

There are several rather widely 
used methods for identifying crys- 
tal substances. These include the 
examination of thin polished sec 
tions by the petrographic micro- 
scope, the determination of 
refractive indices, and the actual 
separation and chemical analysis 
of the phases present. In Rait and 
Goldschmidt’s investigation the 
X-ray powder (Debye-Scherrer) 
method was used, wherein the 
constitution can normally be 
determined readily by matching 
diffraction patterns against stand- 
ard photographs. The powdered 
slag is mounted on a hair with 
Canada balsam. A particle diam- 
eter of 1% mm. (approx. 14 mesh) 
is the optimum size and improves 
the detectability of weak lines. 

The powder method yields the 
following information: 

1. All slags examined were 
largely crystalline, and contained 
but small amounts of glass (amor- 
phous or non-crystalline mate- 
rials). 

2. Phases were identified and 
their relative amounts estimated. 
A quantitative method of estima- 
tion was developed for basic elec- 
tric reducing slags. 

3. The composition of the 
solid solution (comprised largely 
of FeO, MgO, MnO, and CaQ) was 
estimated from lattice parameter 
measurements by comparison with 
a known calibration curve. 

4. The range of composition 
of the phases was estimated. The 
degree of homogeneity (if there 
be “degrees” of homogeneity) is 
shown by the breadth of a spec- 
tral line. 

Twelve standard compounds 
were prepared. The method of 
preparation of the pure oxides is 
not as simple as may appear at 
first thought. Though not of 
detailed interest to the general 


ts, 
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reader, research workers may well room temperature is merwinite (3CaO-MgO-2Si0,) loses ; 


refer to this section of the paper. (3CaO-MgO-2Si0:), akermanite its silica by being ites 

Basic electric reducing slags (2CaO-MgO-2Si0O.) and monticel- 2CaQO-SiO.-CaF,;, do, t .. 
are described first because they lite (CaO-MgO-SiO.). There are solid solutions with ; er Cal 
are less complex than oxidizing several other illustrations of the 2CaO-SiO,, and therefore 
slags. The complete chemical phenomenon of the disappearing form simple eutectic tems 
analysis and the calculated con- phase. This type of crystalliza- these compounds. 
stitution is given for 42 slags tion path (showing disappearing The reducing slag ( 
arranged in order of CaQ/SiO, phases) has an important influ- fied as follows: 
ratio from 2.82 (CaO 62.30%, SiO, ence on the resultant constitution Lime Slags—Highly ba. 
22.10%) to 1.32 (42.80: 32.40). of a slag, depending on its rate of white slags containing free jp, 
The main components of these cooling. Such a slag can obvi- and 3CaQ-SiO, as the i 
slags are CaO and SiO, with small ously have quite different consti- pounds, with smaller u 
amounts of MgO and AI,O;; the tutions with different rates of MgO, CaF, and 3CaO-Al.0,. Thy 
sum of these four amounts to 90% cooling. slags are avoided becaus 
or more. Iron, manganese, and Another application of these tend to be viscous in the fur 
sulphur are minor components. phase diagram studies, that is only and require spar for rapid { 
When spar is absent the composi- mentioned in passing, is the study and suitable fluidity. They : 
tions of reducing slags fall within of the powdering or “falling” of tend to build up the bott 
the CaO-MgO-SiO.-Al.O; quaternary certain high-lime blast furnace because of the difficulty i 
system. (The various three-com- slags on cooling, which of course ing the heavy slag. The 
ponent systems are presented and makes the slag useless for such advantage is that increasing | 
crystallization within each is dis- products as road ballast. ity of the slag increases 
cussed in detail.) No slags with Since fluorspar is added to a efficiency of sulphur removal 
CaO/SiO, below 2.00 contain the considerable number of the steel- Falling Slags The 
compound 3Ca0Q-SiO, or 3Ca0- making slags, its influence is type of reducing slag disinteg 
ALO;, and most slags below and discussed briefly by Rait and to a fine powder on cooling 
only one above the 2.00 ratio con- Goldschmidt. Several slag com- the transformation from the 
tain MgO-Fe.O, and MgO- Al,O.. positions were mixed with an the vy form of the larg 

In certain compositions in the equal weight of fluorspar and fired of 2CaQ-SiO. present in thes 
CaO-Mg0O-SiO, ternary the calcium two days at 1200° C. (2200° F.) slags. The inversion occurs 
orthosilicate 2CaQ-SiO. becomes and then examined by X-rays for 675° C. (1250° F.) with a 1 
what is known as a “disappearing the phases present. Apparently increase in volume. 
phase” because, although it is first 2CaO-SiO, is not decomposed by Merwinite Slags — When the: 
formed on cooling, the final com- spar, but 3CaQ-SiO, loses all of its is a delay in tapping, the whit 
position under equilibrium at silica to form free CaO. Merwinite falling slag becomes brovy 


Testing Fluidity of Slag, an Important Aid to Good Steelmaking. (Courtesy Bethlehem ‘Steel Co. 
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rhese Slags all contain 
‘;CaO-MgO-2Si0.) and 


pit 


sav! 


merwinite 


wally no other compound, Their 
ve-silica ratio is lower than in 
jing slags; apparently the silica 
ripping from the roof during 


lding high temperature 
ranges the 2CaO-SiO, of the fall- 
«slag to 3CaO-MgO-2Si0.. The 
caF, content of these slags is low, 
oofrming the observation that 
is decomposed in the pres- 
merwinite. Merwinite 
Jags can of course be formed at 

earlier stage if lime additions 
are insufficient. In general these 
sags are undesirable because of 
their greater solubility for MgO, 
which consumes much dolomite 
refractory; likewise they are poor 
jesulphurizers. 

Carbide Slags— Calcium car- 
bide CaC, usually persists only in 
highly basic slags containing free 
lime. In the slags examined the 
mount of carbide was too low to 
be detected by the X-ray method. 

Ladle Slags — The constitution 
und properties of the tapping slags 
have an important influence on 
the life of ladle linings. The slag 
reacts with the ladle lining, and 
ts alumina and silica content 
increases. Gehlenite (2CaQ-Al.0,- 
Sid.) is one of the compounds 
formed and adheres to the ladle 
lining, possibly finding its way 
nto subsequent casts of steel. 

In summary, Rait and Gold- 
schmidt discuss the various min- 
eral phases in basic electric 
refining slags and give a brief his- 
tory of their discovery and the 
haracteristics by which they are 
recognized. These phases are: 

l. Free oxides; (a) MgO, 
below about 1.8 CaO/SiO. some, 
rin a few cases all, of the MgO 
iscombined; (b) CaO, found only 
ina few very basic slags. 

2. Tri-calcium silicate, stable 
nly between 1250 and 1900° C. 
(2280 and 3450° F.) decomposing 
at other temperatures into CaO 
and 2CaO-SiO,. Its rate of decom- 
position is so low that it can exist 
indefinitely at ordinary tempera- 
lures. (The statement that an 
unstable compound can exist 
indefinitely involves some mental 
symnastics., Like other gymnas- 
lies, if you are in training you 
can take them right in your stride, 
vat otherwise you are liable to 
ave a charlie horse the next day!) 

3. Caleium = orthosilicate 
2Ca0-SiO.). 

4. Merwinite (3CaO-MgO- 


spat 


ence 








2Si0,) and its analogue, manga- 
nese-merwinite (3CaO-MnO-2Si0.,). 

5. Calcium fluoride, usually 
associated with CaO/SiO, over 1.4. 

6. Spinels (RO-R.O,). Only 
one slag contained enough 
MgO-Al,.0,; for identification. The 
divalent metal R” may be Mg, Fe, 
or Mn and the trivalent R” may 
be Al, Fe, Mn, or Cr. 

7. Melilite can be present only 
with rare conditions a low 
CaO/SiO: ratio and all of the MgO 
in combination. 

8 Monticellite (CaO-MgO- 
SiO.) can only occur with CaO 
SiO, less than 1.4 and therefore 
seldom appears in basic finishing 
slags. The Mg is sometimes 
replaced by Fe or Mn. 

9. Other phases. Some other 
phases theoretically possible were 
not detected, probably because of 
the rapid cooling; the last liquid 
is quenched to glass. Thus, the 
amount of CaS and CaC were too 
small to be detected by X-rays. 


Constitution of Basic Electric 
Oxidizing Slags 


The chief components of oxi- 
dizing slags for ordinary carbon 
steels are the basic oxides CaQ, 
FeO, MnO, and MgO, and the acid 
oxides SiO., Fe.Os, Al,Os, and P.Os. 
A system of phase assemblages, 
assuming complete crystallization, 
is shown in Rait and Goldschmidt’s 
paper for four conditions, two of 
them based on the additional 
presence of spar or Cr.O, The 
chemical analysis and mineralog- 
ical constitution calculated accord- 
ing to the systems of phase 
assemblages are given for 32 slags. 

Calculated and X-ray results 
are very similar, discrepancies 
being chiefly due to the fact that 
the slags because of their rapid 
cooling are not completely crys- 
tallized, whereas the calculations 
are based on complete crystalliza- 
tion under equilibrium conditions. 
In other words, with rapid cool- 
ing some or possibly all of a com- 
pound may fail to crystallize, in 
which case it is dissolved in the 
glass, and such constituents are 
not detected by X-rays. 

Naturally the phase equilibria 
have not been worked out for the 
eight-component system. It is dif- 
ficult for the casual reader to 
appreciate either the amount of 
work involved in determining 
even a ternary equilibrium dia- 
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gram or the amount of informa- 
tion that is revealed to those who 
can interpret one. As an example, 
in this situation lack of thermal 
equilibrium data prevents any 
sound deductions to be made as to 
the effects of rapid cooling on the 
constitution of the slag. A simpli- 
fication is possible by studying 
the pseudo-ternary system: 
CaO, 2CaO-SiO., 4CaQ- Al,Os: Fe.Ox. 
Rait and Goldschmidt classify 
the slags into five chief types 
according to the main phases 
detected by the X-ray method: 
Type 1. Highly basic slags in 
which 3Ca0-SiO, and RO solid 
solutions are the main phases. 
Provided they contain sufficient 
iron oxide, these slags remove 
phosphorus most efficiently and 
because of their low solubility for 
basic oxides they are least severe 
on the dolomite banks. 
Type 2. Most of the slags have 
8 2CaO-SiO, and RO solid solu- 
tions as the chief phases. “Fall- 
ing” slags are absent, probably 
because of the stabilizing effect of 
small amounts of P.O,. This slag 
is fluid without spar, removes 
phosphorus efficiently and does 
not attack the banks severely. 
Type 3. A group of slags with 
lower CaO/SiO, ratio than the 
above. Small amounts of 3CaQ- 
RO-2SiO, probably stabilize the 
2CaO-SiO,. This modified high 
temperature form is referred to as 
a’ 2CaO-SiO,; The other main 
phase is the RO solid solution. 
Type 4. Merwinite (3Ca0-MgO 
-2Si0O,) is the outstanding phase 
accompanied by small amounts of 
RO solid solution and 2CaQ-Si0O,. 
The combination of RO in mer 
winite decreases the amount of 
free RO solid solution as the 
decreasing CaO/SiO, ratio shifts 
the slag from Type 3 to Type 4. 
Merwinite slags are not as efficient 
phosphorus removers as the more 
basic slags, and the higher solu 
bility for MgO increases the dolo- 
mite consumption. These slags 
should therefore be avoided for 
normal basic electric melting. 
Type 5. Merwinite is again the 
outstanding phase accompanied 
by monticellite (CaO-MgO-Si0O,). 
Negligible amounts of phosphorus 
are removed by this type of slag. 
It is very fluid and, being unsatu- 
rated with respect to MgO, is 
severely corrosive to the dolomite 
banks. It should be avoided in 
the oxidation stage of normal 
basic electric melting. 
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There are intermediate stages 
between these groups, but the 
above is a practical classification. 
(The phases occurring in basic 
electric oxidation slags are 
described in detail in this paper.) 

The phase assemblages and 
methods of calculation are not 
given here because those sufli- 
ciently interested to want to make 
the calculation for their own slags 
will doubtless look up the original 
paper. Others may not be con- 
cerned with th e details. 


Constitution of Basic 
Openhearth Slag 


Basic electric oxidizing and 
basic openhearth slags have the 
same component oxides and there- 
fore belong to the same phase sys- 
tems. Phosphate in the electric 
slags is too low for X-ray identifi- 
cation. In contrast, P.O; is one 
of the major acid radicals in basic 
openhearth slags and considerable 
amounts of phosphates occur. 
(Remember that the above state- 
ment applies to British practice; 
many of their electric oxidizing 
slags have from 0.50 to 1.50% P.O; 
and therefore openhearth slags of 
American practice using Lake ores 
are closer to their electric than to 
the Britishers’ openhearth slags.) 

Four phase assemblages in 
solidified openhearth slags are 
given for four conditions: SiO,/ 
P.O; ratio over 180:142, from 
180:142 to 60:142, less than 
60:142 and those containing fluo- 
rine, assuming the exact amount 
of fluorine for combining with all 
of the P.O; as apatite to make 
“fluorapatite” (9CaQ-CaF,-3P,0;). 

Partial chemical analysis is 
given for 43 slags; all but six were 
supplied by three steelworks. The 
slags from each works are 
arranged in increasing order of 
CaO/FeO ratio as determined by 
the X-ray patterns and _ starting 
with slags with no free lime. 

The phase constitution cannot 
be calculated from the partial 
analyses. The essential validity 
of the system of phase assem- 
blages is shown by calculation of 
the constitution of 12 slags stud- 
ied by B. Mason in his article on 
“The Constitution of Some Basic 
Openhearth Slags” in the Journal 
of the Iron and Steel Institute for 
1944, II, p. 65 p, and the agree- 
ment between observed and cal- 
culated results is striking. Free 


lime is the most prominent phase 
in most basic slags. 

For eflicient production § the 
constitution of the slag should be 
controlled within fairly close lim- 
its. When the lime content is too 
low, removal of phosphorus and 
sulphur is inadequate and the slag 
cuts the bottom by dissolving CaO 
and MgO. When the lime content 
is too high spar is added, thus 
destroying the availability of 
phosphate as a fertilizer. 

At the lower lime contents all 
of the lime is in combination as 
silicates and _ silico-phosphates. 
With higher basicity free CaO 
appears as a separate phase, the 
amount increasing with increasing 
basicity. The ferrous oxide is 
uncombined and, with MgO and 
MnO in solution, forms a separate 
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Fig. 1— Relation Between CaO/ SiO: 
Ratio and FeO Content in Tapping Slags 


phase. Thus a satisfactory normal 
basic openhearth slag should show 
free CaO, and (Fe,Mn,Mg)O in 
addition to the silicates and silico- 
phosphates. 

These two free oxide phases 
can be readily identified and the 
amounts approximately estimated 
by the X-ray powder method. 
Thus by determining the free CaO 
and RO phases in a number of 
slags by the X-ray powder method 
and correlating these results with 
the steelmaking practice, the ideal 
range of free CaO and RO can be 
established, and additions of lime 
and ore may be made as required 
based on X-ray examination during 
the process. The X-ray powder 
method would form a_ perfectly 
sound method of control, pro- 
vided the results could be obtained 
rapidly. This rather important 
proviso is not discussed in great 


detail, though several technical 
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shortcuts are sug 
recently developed 

self-reading optical 

may eventually lh: 
X-ray analysis. 

Let us summary 
X-ray studies have 

phases press 
The amount of t 
can be calculated fro 
slag analysis and ce: 
edge of co-existing 

cooling conditions. 

Slag analysis can be rey 
in two ways, either as the 
chemical analysis, or per 
ages of various compounds, \ 
the practical question ises 
Does the knowledge of th 
centage of mineral com 
justify the time and trouble of 
ting this information? 

We already know that 
skinny slag” will cut the b 
Scientifically it is quite satisfy 
to know that this action is due | 
merwinite, but does this k 
edge in any way affect the 
rective action which w 
to add more lime? Some 
may answer, “Yes,” or 
“This clue may lead to 


several 
slags. 
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ment in practice if we follov 
just a bit further.” Still oth 
may answer, at least mental 
“Furnace operation is airea 
sufficiently complicated 
having to wonder about 
minerals that may not e\ 
in the liquid slag.” 
words, the individual's 
a matter of opinion that 
by all of the contributio 
look and individual m 
thinking that influence d 
of opinion on any subje« 
The paper by A. H. Jay 
United Steel Compant 
research department r¢ 
to basic openhearth slas 
tion and the dephosp 
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‘ ir. Jay dismisses the 


nhorizati 
ae tween the fundamen- 
"7 qssul ns of Schenck* and 
‘ conc! ms based on X-ray 
lies the statement that 
- pal (his own and Mr. 
Jeq’s, abstract of which follows) 


ontribution to our knowledge 
1 which still warrants 
ssiderable study. This abstrac- 
2 will undertake to untangle 
‘ations which baflle the 
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in Jay’s paper both slag and 
eal samples are included for 
veral stages of the heat. Because 
f the effect of cooling rate the 
neralogical constitution of both 
ter quenched and spoon cooled 
ples is given. Several supple- 
ntary experiments were made 
because the presence of the usual 
phases did not fully account for 
the X-ray line pattern. Phases 
ere obtained from this auxiliary 
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steelmaking temperatures than at 
lower temperatures. 

Another crystalline phase of 
the FeO-MgO-MnO type appeared 
when quenching was slower. Its 
poor crystallinity suggested that 
it was not present as a separate 
phase in the molten slag. This 
evidence seems to be in direct 
contradiction to the report of Rait 
and Goldschmidt of the co-exist- 
ence of (CaMn)O and (Fe,Mn,Mg)O 
in basic slags ranging from no 
free lime to high lime content. 
The difference suggests, not that 
either investigation is wrong, but 
that knowledge of the quenching 
conditions is required for inter- 
preting the X-ray films. 

The detailed study of slags 
from several heats may be sum- 
marized as follows: At the clear- 
melted stage the lime is low, 
increasing as refining proceeds; 
the silica is high and decreases. 














form a phase of the 2CaQ-SiO, 
type in preference to combining 
with FeO to form fayalite (2FeO- 
SiO.) or with MnO to form either 
tephroite (2MnO-SiO.) or rhodo- 
nite (MnO-SiO.). Thus the ratio 
CaQ/SiO: is used as one factor in 
the first chart. The presence of a 
phase rich in ferrous oxide in the 
spoon cooled slag led Jay to try 
“FeO in the tapping slag” as the 
second factor (see Fig. 1). In this 
a fair separation of the good from 
the bad heats is noted, but the 
unsatisfactory position of one 
good sample shows that other fac- 
tors should be considered. Because 
the slag samples had a nearly con- 
stant lime content, Fig. 2 was 
drawn using silica as the vertical 
ordinate instead of the CaQ/Si0O, 
ratio used in Fig. 1. 

In both Fig. 1 and 2 the pos- 
sible effect of MnO is not consid- 
ered, yet there is reason to believe 
that it may retard the oxidizing 


study which fully account for all 25 power of FeO. Therefore in Fig. 

f the lines on the X-ray photo- _ rnd 3 the oxidizing power (horizontal 

graphs of basic slags. @ \ G00 ordinate) is represented by the 

lo determine the constitution & 20 / mS] , 6000 FeO/MnO ratio. This results in 

molten furnace slag it was IR \ an improved separation of good 
lecided to quench a small amount S E >» from bad heats. 
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. Raw | ] i oe ] Containing 0.45 to 0.65% of Carbon in keeping with normal laboratory 

8 | oo +++ and 0.7 to 0.85% of Manganese methods of analyzing slag samples. 

Figures 5 and 6 are the extension 
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slag in water. Such slag was 
quenched not more than 3 sec. 
ler withdrawal from the fur- 
we. The lime-rich phase is strik- 
ingly well crystallized and it is 
therefore thought to be present as 
Solid component in molten fur- 
The other phase in 
quenched slags was the lime-silica 
phosphate phase called Nagel- 
s¢ hmidtite (9Ca0 - P.O; - 3Si0-- 
‘Ca0-P.O0.°2Si0.). No other pat- 
‘ern was observed. The results 
‘re Interpreted as showing that 
‘he solubility of MnO and _ pos- 
‘ibly FeO and MgO is higher at 
*H. Schenck and W. Riess, Archiv 
das Eisenhiittenwesen, 1936, p. 589. 


ice slag. 


tur Ga 


The iron content of the clear 
melted sample showed marked 
variations; these variations are 
associated with the residual phos- 
phorus existing at the time- 
being of the order of 0.04% P, 
which is considered low (the pig 
iron contained about 5% P.) MnO, 
P.O;, and MgO usually decrease as 
refining proceeds, owing to dilu- 
tion by the increasing slag weight. 
Magnesia may increase when a 
bottom boil is present. 


Rephosphorization 


Figures 1 to 6 from Dr. Jay’s 
paper illustrate the development 
of a hypothesis expressing the 
probability of rephosphorization 
of the pit samples. All tapping 
slags contained free lime. 

The X-ray findings indicate 
that silica combines with lime to 
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of the method of Fig. 4 to two 
groups of heats, one containing 
about 9.5% C and 0.75% Mn, and 
the other 0.25% C and 1.05% Mn. 

The relations shown by these 
diagrams can be expressed thus: 

1. For a given Fe/MnO ratio 
rephosphorization is retarded by 
increasing the SiO.,/P,0O; ratio. 

2. For a given SiO./P,O,; ratio 
rephosphorization is retarded by 
increasing the Fe/MnO ratio. In 
other words, a high oxidizing slag 
must be maintained. 

These indications require that 
at least a part of the P.O, should 
be held as a solid lime-silica phos- 
phate in the molten slag. Thus it 
is inferred that molten basic slag 
is a two-phase system containing 


a solid and a liquid, not unlike a 


suspension. 
The process of slag formation 
is outlined by equations indicat- 
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ing that the fluxing or solution of 
lime sets free FeO and MnO from 
their silicates. In other words, 
in the presence of excess lime, 
ferrous and manganous silicates 
are not stable and cease to exist. 

Further study indicated that 
other factors such as the turbu- 
lence during casting are involved. 
To study this effect an experiment 
was devised in which the metal 
and slag were represented by two 
immiscible liquids such as oil and 
water, water and carbon tetra- 
chloride, and water and bromo- 
form; these substances during a 
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Fig. 5 — Relation Between SiO./ PO 
Ratio and Total Fe/MnO Ratio in 
Tapping Slags From Ten Heats of 
Steel Containing 0.45 to 0.65% of Car- 
bon and 0.7 to 0.85% of Manganese 


violent agitation and mixing give 
opportunity for action between 
“slag” and “metal”. 

The reversion of phosphorus 
during the time the metal leaves 
the furnace and is cast into the 
first ingot should be related to 
the amount of liquid phase. Rever- 
sion during pouring the heat 
should be controlled by the stabil- 
ity of the lime-silica phosphate 
phase. Rise of phosphorus con- 
tent of the last ingots is presum- 
ably the result of reaction with 
the firebrick of the ladle. 

If the slag has too high lime, 
its oxidizing power decreases. 
This is shown by high residual 
phosphorus and reversion, and by 
the small content of the FeO-type 
phase in the spoon cooled slag. 
Therefore a well balanced slag 
has an optimum range of free lime 
and either too much or too little 
contributes to high phosphorus. 

Increase of magnesia can cause 
rephosphorization in the furnace. 
Magnesia reacts with the liquid 
phase and increases the viscosity 
of the slag. Also the MgO asso- 
ciates itself with FeO rather than 
with lime. Thus, an unusually 


high magnesia content acts to 
inhibit the oxidizing power rather 
than to increase the basicity. (As 
none of the slags run over 7.5% 
MgO, the expression “unusually 
high” magnesia is slightly ambigu- 
ous. Whether it means slags con- 
siderably over those reported or 
simply the higher of the reported 
slags is not clear. In any event 
this statement, while not proving 
that it is wrong to add together 
CaO+MgO in the appraisal of a 
given slag, should serve as a cau- 
tion before adopting this simpli- 
fication, used by some workers 
in plotting and studying basic slag 
compositions. ) 

We are hearing more and more 
about the influence of the ladle 
lining, as was mentioned briefly 
in the above paper. Now comes 
the third paper by Y. K. Zea on 
the phosphorus reaction in the 
basic openhearth, in which the 
flat statement is made; “Rephos- 
phorization does not occur when 
the ladle is lined with basic brick.” 
The degree of rephosphorization 
with a fireclay brick lining may 
be controlled to a large extent by 
keeping the temperature as low 
as possible and by increasing the 
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and 1.05 to 1.10% of Manganese 


lime content so that even after 
reaction with the ladle the basicity 
of the slag will not fall too low 
for it to hold the phosphorus. 

This, in brief, is a summary of 
the results of Dr. Zea’s paper. The 
rest of the paper is difficult to 
abstract; the original should be 
studied to do it justice. 

It has been believed for a long 
time that slag analysis can be used 
to compare various slags and to 
study their effect upon the metal. 
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Then came the idea 
(usually without v: 
proof) that the sili ind phos. 
phorus are combined with lime jp 
simple compounds. Schenek Seems 
to have progressed furthest in this 
direction. He expresses some of 
the characteristics of a Slag jp 
terms of free CaO and free Fep 
The effect of temps rature js 
included in these concentratigy 
terms —that is, temperatyrs 
changes the amount of free Ca 
by affecting the dissociation of the 
compounds of the slag. Thus fa 
this concept is quite simp) 
though in practice considerable 
skill and patience are required | 
use Schenck’s diagrams. The chief 
justification for this idea and fo 
the assumed combinations is that 
the system seems to work, so that 
predicted reactions are confirmed 
closely by analysis. Failure of 
X-ray studies to identify some 

the compounds is a bit discon. 
certing to those who believe that 
evidence from all sources sh 

fit into one systematic patter: 

Dr. Zea has selected 15 heat 
to determine the soundness 
various theories of dephosphoriza- 
tion by testing the accuracy 
practical application. Ther 
little doubt that, at least for thes 
15 heats, the average difference 
and the standard deviation of th 
difference between the calculated 
and the analyzed phosphorus ar 
lower when the phosphorus is cal- 
culated by the method of Scher 
and Riess. 

Finally, it is worthy of re! 
that Zea’s investigation is another 
made possible by developments 1! 
high temperature thermometers 
for measuring the bath tempera 
ture. A quick immersion pyron 
eter was used. The author 
mentions that “the importance of 
accurate temperature measure 
ment can hardly be over-emph 
sizcd, since lack of a precist 
temperature record leads to mis- 
interpretation and miscalcul 
tion”. 

As can be realized by consid- 
ering the number of theories that 
are advanced, the last word has 
not yet been said on the coh 
stituents of basic slag and thelr 
effect on reaction with the metal 
The present position is well sui 
marized by one of the authors 
“There is no direct means as Ye 
available to determine the tru 
constitution of molt asit 
RP 
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Fundamental 
Alloying Nature 


of Magnesium 


1), RING the past two decades an increasing 
ropensity toward the use of scientific principles 
nd away from the ancient arts has been espe- 
ily noteworthy in the field of metallurgy. 
Metallurgists of today, with some knowledge of 


equilibrium diagrams of alloy systems, can pre- 
ct certain relationships between the properties 
id the alloy diagrams. Prior to this advance- 
ent in physical metallurgy very little informa- 
n was available on the factors governing the 
ype of equilibrium diagrams that would result 
vhenever two or more metals were alloyed. 
through recent extensive and systematic consid- 
ration of reliable experimental data, certain use- 
‘ul and fundamental principles have been 
pounded concerning the behavior of alloy 
systems 
Inasmuch as magnesium has gained a promi- 
lent position as an industrial metal during the 
past few years, its future potentialities appear to 
tremendous as long as research continues to 
ok for new and better alloys. It is therefore 
the prime objective of this article to stimulate 
ore interest in this direction by reviewing and 
iborating upon certain fundamental principles 
alloying behaviors of magnesium. In_ this 
‘anner, it would then be possible to ascertain 
lully the nature and deportment of magnesium 
combination with other metals, and thereby to 
quire working knowledge by which certain 
physi properties can be predicted for a given 
Hoy bination, or by which new magnesium 
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alloys can be fabricated 
with certain desirable 
physical properties. 

Let us proceed, 
therefore, to state some 
of these fundamental 
principles of alloying: 

Wherever magne- 
sium alloys with other 
metals, it forms what is 
described as a “substitu- 
tional solid solution”, 
Such a solid solution is 
one in which atoms of the 
solute metals replace at 
random atoms on the 
magnesium lattice. The 
extent to which this 
replacement may take 
place is termed “solid 
solubility”. The several factors which have been 
found to govern the limit of solubility in alloy 
systems will now be discussed with special refer- 
ence to magnesium and its binary alloys. 

Type of Crystal Structure -—— Magnesium is a 
close-packed hexagonal metal, and therefore com- 
plete solid solubility that is, ranging from pure 
magnesium, through all percentages of the second 
metal —- can only be expected with other hexago- 
nal metals, provided all other factors are favor- 
able. Metals with other crystal structures cannot 
form complete solid solutions with magnesium, 
for by their very nature they introduce at least 
one phase to the system that is not hexagonal. 
Nevertheless, non-hexagonal metals may exhibit 
considerable solubility in magnesium for reasons 
which will be considered later. 

Relative Atomic Sizes Where the atomic 
sizes of magnesium and solute metals differ by 
less than 15°, the size factor is favorable. If the 
atomic sizes exceed this limit, the solubility is 
restricted. In fact, the greater the difference in 
size, the more restricted is the solubility, if other 
factors are equal. Solute atoms which have 
atomic sizes just on the edge of the favorable 
zone tend to give erratic results. Moreover, if 
the atomic sizes differ by more than 8 but are 
still within the favorable zone, there is usually a 
minimum in the liquidus curves, representing a 
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definite tendency toward a eutectic formation. 

In the restricts 
the solubility of one metal in magnesium, there 
is usually a tendency for solubility to increase 


instances where size factor 


with rising temperature, so that the system may 
show age-hardening characteristics. Therefore 
the size factor may facilitate the choice of com- 
binations of metals likely to strengthen magne- 
sium alloys through age hardening. 

Valence (Electron) Factor Magnesium is a 
the 


wide 


factor is 
of 
metals because of 


and, where size 
tends to 
other divalent 


There is a general trend (where 


divalent solvent 


favorable, form a range solid 
solutions with 
equal valency. 
the size factor is favorable) for magnesium solid 
solutions to become more restricted as the valen- 
cies become more unequal. Furthermore, the 
more unequal the valency factor, the steeper is 
the drop in both the liquidus and solidus curves. 

The solidus curves are much more affected 
than the liquidus curves of magnesium binary 
systems wherever there is an increase in either 
the valence or the atomic size of alloying metals, 
or both. It is therefore possible by the proper 
selection of alloying metals to reduce wide freez- 
ing ranges — which are generally undesirable in 
foundry alloys. 

Electrochemical Factor —— The 
positive the solvent metal and the more electro- 
negative the vice the 
greater is the tendency to restrict solid solubility 
The elec- 


more electro- 


solute metal, or versa, 


and to form intermetallic compounds. 
tronegative degree of metals in the periodic sys- 


tem of chemical elements increases from lef! 


right in any period and from bottom to top 
any group. 

Magnesium is more highly electropositiv 
This cha 


acteristic results in the formation of intermeta 


nature than most industrial metals. 
compounds with most metals, and these « 

pounds are formed at the expense of solid s 
tions. The tendency for formation and t! 
stability of the compounds increases, the m 
Thus, ev 


| 


electronegative the alloying metal. 
if the size factor is favorable, the solubility 
metal in magnesium may be restricted by 


formation of a compound. The extent to 


} 
© Sle 


this may occur depends essentially on th 
ity of the intermetallic compound. — Sine¢ 
general tendency of solid solutions is | 
increase in solubility with rising temperatu 
alloys with a propensity toward the formatio! 
compounds may be expected to manifest as 
hardening properties, for the solubility | 
less at the lower temperatures and a ha 


precipitate will form. 
Discussion of Basic Principles 


Even though the size factor is ve 
tant, it is obvious from the foregoing ! 
ments that it alone does not sufficiently 


a} 


whether or not a metal will alloy wil 
sium, but it does serve as a kind of p! 


< 


test which must be satisfied before a 


tion can be formed. Thus it will en 
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sreatly the two limits are indicated; otherwise indication that others are known is made wher- 
ily the most probable value is presented. ever possible. 

The favorable atomic size factor zone with The general valency behavior of elements 
relerence to magnesium is shown by the shaded during alloying is appended to each group. 
rea in Fig. 1. Of all the elements under con- Normally metals have valences equal to the num- 
siderati about half of them are within the ber of free electrons they possess. Transition 
‘vorable zone, about one-tenth are on the border metals, however, owing to their characteristic 
ie, and the remainder are outside the favorable incomplete inner electronic structures, act as 
mits. On this basis alone, the alloying possibil- though they have zero valency wherever alloyed 
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: je out certain metals as being unlikely to form ities of magnesium are somewhat circumscribed. 
Jid sol ns; attention can then be given to the Modified Periodic System of Elements — As a 
nore pr ble alloys. collective representation of the fundamental fac- 
Atomic Size Factor — The application of the tors affecting the alloying nature of magnesium, 
le about size factor may be better understood =a modified periodic chart is set forth as Table I. 
som Fig. 1, in which the atomic diameters of The size factors of elements with respect to mag- 
jferent elements are plotted against their nesium are indicated either as favorable, border 
respect atomic numbers. As the atomic line, or unfavorable, and are accompanied by 
diameters” of elements are not fixed values, but their respective magnitudes in percentage. 
ince the space an atom occupies depends largely Because the crystal structure of elements 
the nature of interatomic forces within the determines the extent of solid solubility to some 
4 -vstal lattice containing it, each atom may have degree, it is also included in the table. Where 
Table I — Periodic System of Elements — 
Their Structures, Alloying Valences, and Atomic Size Factors With Reference to Magnesium 
J I I I wv V Wi vil Will 
Tol] 5 Qa b Q D Q Db Qa b ao | 5b Q b | a b 
| in | | 2 He 
+ —+— —_+ p$-——--# —-— +——___+ 
: T 4 Be 5B 6C 7N | | 80 | OF iO Ne 
2 lO-S% @(30% (38%) @(-53%) “i | . | | 
BCC | HCP Hex? 0-C* | 
_ No | 12Mg IZ Al 14Si I5P | 1S tT | iol IBA 
3 jouer @(0%) OHO%) @+26%) 0.32%) (06.34%! | | 
_|8cc | HCP FCC O-¢ |  _jFco#; t™' jroo!) | a tee | 
lid K 20Ca 21 Sc 22 Ti 23V 24Cr | 25Mn | 26Fe | o7co | OBN 
@+45 @+235%) @(25%) | O+9%) @(.18%) | @FIS%ay @I5%)| | @-19%) | @L22%)|@L22%) 
4 | Bcc | FCC# FCC® | HCP®| _—s| BCC BCC a] = BCC BCC®m HCP# FCC #| 
|29 Cu 30Zn 31 Ga 32 Ge 33 As 34Se 35 Br 36Kr | 
@(20%) O¢-|3%) Ol-I3%) @ (235%) @62!%)| @(27%.)| 
| | FCC HCP FCO 0-C Rho | | Hex # | 
[37Rb | 38Sr 39Y | 40zr 4iCb | 42Mo 43Mo 44Ru | 45Rh | 46Pq) ] 
lo5%) | @(35%) Ol+14%) O(-'%) Ol-7%) @(-\5% @(-17%) | @- 16%) |Ol4 %) 
5 | BCC | FCC HGP HCP BCC | ‘ecco | | | __juce | eco | Fcc] | 
|47Ag 48Cd 49h 50 Sn 5i Sb T 52 Te 531 54 Xe 
ObIO%) Ol-7%) O(-6%} Ol-12%) O(-40%)) |Otl0%) 
|__| £66 HCP FCT BCT _ Rho | Hex. r ae Sa = — 
BCs | 56Boa 57-71 72 Ht 7310 74aw T75Re 760s | 77h | 78PI 1 
60%) ©36%) for ©(-6%) O(-I%) O(-1% OUIS%} 1@(-16%) | @F'5%) OF 3%) 
g -8cc |__| pce Metals |__| HCP | | Bcc} _| pcom _| Hcp | | HCP | FCC | FCC | 
79 Au BOHg ari | 82 Pb 8361 B4 Po 85Ab 86 Rn 
Ol. on Ot6%) © (- 10%) Ol+9%) Ol+ 3%) Ol- 7%) 
| Foc Rho. HCP FCC Rho, |__| M'cl.? | i } } + + { 
e7Vi | 88Ro 89 Ac 90Th 91 Po | 92U 
7\- _— —_ H2%) — i | 
j —< Foe | ++} + ——+—— ; + 4 
Sh | 2 2 Oo} 3 O 4 fe) 5|o;6)]|0 — | 0 O o|— 
~0Ge: - e 
© Favorable Size Factor BCC- Body Centered Cubic Hex - Hexagonal! FCO-Foce Centered Orthorhamnbic 
® Border line ; FCC-Face ~ , HCP-Hex.Close Packed Rho- Rhombohedral 
@ Unfovorable D-C-Diamond Cubic BCT- Body Centered Tetragonal = M'cl.- Monoclinic 
# Other Structures also Exist. 
ifferent volumes under different circumstances. more than one modification is known, the struc- 
1 the figure, wherever the atomic sizes differ ture which ordinarily exists is listed, and an 
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“normal” metals, in this sense. 

Finally, the electrochemical 
effect may estimated the 
relative positions of metals in the 
periodic There tend- 
ency for to form normal 
valence compounds with the metals 
of Group IV-b to VI-b, inclusive. As 
the metals from these groups become 


with 


be from 


system. is a 
metals 


more electronegative with respect to 
magnesium, their tendency to form 
compounds with higher stabilities is 


greater. 


Experimental Evidence 


the 
article 
the 


preceding sections of 
the 
general 


In 
this principles con- 
nature of 
alloy systems been listed. 
A. brief of 
mental facts in the light of these 


cerning 
have 

consideration experi- 
principles will now be applied to 
magnesium that 
studied. The 
information 

but 
to 
alloying nature 


alloy systems of 


have been amount 
of reliable 
is limited, 
sufficient 


about the 


available 
nevertheless it is 
ascertain something 


of mag- 
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Figure 4. 
Influence of Alloying Valence on Liquidus,Solidus,and 
Solid Solubility Curves 
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oe sjgined in terms of the newly 3. Alloying Valence | 
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tomic size factor exceeds 15%, B Codmium 
solubility becomes quite 600+ Mg-Cd | Crystal Structure HCP 
stricted and is independent of 2 Size foctor - 7% (favorobie) 
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es from binary alloys of mag- 700 L 1 —— 
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ler increasingly, the solidus 900-1 a 
ves being generally more 
* lected than the liquidus curves. 800+ Mg-Sb E. Antimony 
rf ide freezing ranges may therefore LCrystal Structure Rhbdi. 
be expected wherever the atomic 7°) 2.Size factor -lO% (favorable) 
ze factors become unfavorable. 6004 5. Alloying Valence S 
Valence Factor Effect Similar 4. Group Xb; period S 
luences on the liquidus and 500+ 
dus curves of alloy systems are 
yes . 400 mel J 
erienced through the action of ° 10 20 30% (atomic) 
valence factor. In Fig. 4 the Alloying Element 
lect of this factor may be seen as 
emonstrated by alloy systems of magnesium alloying metals in different groups with magne- 
th fifth period metals from various groups. sium, another factor is introduced which exerts 
Undoubtedly a more conclusive demonstration of a strong influence on the behavior of alloy dia- 
influence of this factor alone could be made grams depending on the relative electrochemical 
ii were possible to select alloy systems of nature of the metals. Reference is had to the 
elals from the same period with equal atomic electrochemical factor, the importance of which 
wes, This condition cannot be fully realized may be seen in the alloy systems of magnesium 
secause of the inherent nature of the atoms (see with Group IV-b metals illustrated in Fig. 5 on 
Fig. 1), ilthough the general effect is apparent. the next page. This factor promotes compound 
Joth the liquidus and solidus curves are greatly formation. If this tendency is great, compounds 
lected as the difference in valences between will form regardless of whether the atomic size j 
isnesium and the alloying metal increases, and factors are favorable or unfavorable. The greatet 
‘he solidus curves are again more susceptible to the influence of this factor, the more stable is the 
Me act of the valence factor than the liquidus resulting compound. (Stability is normally indi- ; 
rves cated by the melting point of the compound.) : 
Electrochemical Effects Apart from the Thermodynamic Aspects From a thermody- : 
ice cllect that is normally experienced by namical consideration of the free energy of : 
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phases likely to exist in eutectiferous alloy sys- 
tems, one can explain the influence of the electro- 
chemical the nature of equilibrium 
systems on the basis of compound stability. The 
two phases shown in each of the diagrams in 
Fig. 5 may be in equilibrium with each other at 
definite compositions for a given temperature 
only if the total free energy is a minimum with 
respect to any internal changes of the system. 
A common tangent is drawn to the free energy 
curves, and this determines the compositions of 
both phases which can co-exist in equilibrium, 


factor on 


because the total free energy of the system is a 
minimum under these conditions. 

The slope of such a tangent is decreased as 
the compound stability is lowered, so that the 
composition at which it touches the free energy 
curve of the a-phase is progressively increased. 
In alloy systems with metals of comparatively 
high melting point (metals from the transition 
series, that is to say) where the tendency for 
compound formation is not very prominent, the 
alloying components produce the same influence 
on the a-phase as a compound with high melting 
point, because of their relatively high thermody- 


namic stabilities. The resulting effect 
governed by the free energy curves o! 
under consideration. 

Effect of Compound Stability 
influence of compound stability on t! 
solubility of metals in magypesium n 
in Fig. 6. The solubility becomes rapi 
the melting point of compounds increases, Thy 
reason for the greater solubility of silver in mag. 
nesium than gold, even though their atomic size 
and valence factors are identical, is explained 
Fig. 6 by the fact that the electrochemical facto; 
of gold is more effective than that of silver. 


therefor 


ne Phase . 


Behera 
laXiImMum 
be Seer 


Vy less as 


A considerable influence is also exerted | 
compound stability on both eutectic compositi 
and eutectic temperature, as illustrated in | 
7 and 8, respectively (center of page 303), 
general, a rapid decrease in the eutectic com 
tion and a gradual increase in the eutectic te 
perature are experienced as the melting points 
the compounds are increased. There also appears 
to be a direct relationship between the eutec 
composition and the eutectic temperature, 
brought out in Fig. 9 (top right). The curvy 
moreover, extrapolates to 650° C., a temperatu 


Figure 5. Influence of Size Factor and Compound Stability on Solid Solubility 
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nesium to form normal valence compounds 
with metals in other groups. Instead, typical 
intermetallic compounds are produced. 
Finally, as a matter of precaution, it is 
necessary to warn that quite explosive reac- 
tions result in the formation of certain com- 
pounds of magnesium MgSe and 
MgTe, in which the reactions occur with a 
violent evolution of heat. The compounds 
Mg,Aso, Mg,Bi., and Mg,Sb. also torm spon- 
taneously and are accompanied by the release 


such as 


of considerable heat; reactions forming these 
compounds may also become highly explosive 


if care is not exercised. 
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to define fully the alloying nature of the 
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nt submitted in Fig. 11, that electron 
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‘hese Structures may exhibit composition ranges 
varying widths (often 10 or 20 atomic 
ent), the 21:13, and 7:4 


ways included within their respective ranges as 


metals. Because 
per 


ratios 3:2, are not 


und by experiment. 
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atoms in a random condition, may become 
ordered at low temperatures if the lattice distor- 
tion is high and there is any appreciable atomic 
mobility. This atomic interchange reduces lat- 
tice distortion. In addition, ordering has a pro- 
found influence the thermal, electrical, 


magnetic, mechanical and chemical properties, 


on 


and is responsible for many anomalous behaviors. 


Summary and Deductions 


Experimental data obtained from numerous 
alloy systems of magnesium have been considered 
in this the viewpoint of certain 
empirical and thermodynamical considerations. 


article from 


Several factors, including crystal structure, 


Table If — The Relative Influence of Fundamental Factors on the Properties of Alloys 





, CRYSTAL 
\LLOYING EFFECTS : 
STRUCTURE 


_ Increase in inherent strength, Hexagonal 
hardness, and ductility of 
magnesium by means of wide 


- 


reactions 





ATOMIC SIZE 


FAcToR* 


Favorable 


solid solution without heat extent 
treatment 
8. Age hardening characteristics Any Reasonably large | Active Active 
(see Fig. 1) 
C. Heat treatable properties Any Reasonably large’ Active Active 
(see Fig. 1) 
). Improvement of casting prop- Any Favorable Inactive Inactive 
erties by reducing a wide 
solidification range 
E. Increase in physical proper- Any Favorable Inactive Inactive Monovalent or transition 
ties by controlling crystal ) metals of proper electron 
structures of alloys concentrations (see Fig. 
11) 
Fr. Improvement of physical Any Reasonably large Inactive | Inactive | Atomic ratios of magne- 
properties by order-disorder (see Fig. 1) sium to solute metal 


ELECTRO- 
CHEMICAL 
FAcTon* 


ALLOYING 
VALENCE 
FACTOR* 


REMARKS 


Certain cubic and tetrag- 
onal metals may be also 
employed, to a_ limited 


Inactive Inactive 


should be either 3:1, 








*All factors are expressed in a relative sense. 


In certain alloy systems, 


within phases which are generally not 


Order-Disorder 
hanges 
lelectable by microscopic methods have been 
bserved by other means. This phenomenon is 


ihe result of the atoms rearranging themselves 


om a random spatial distribution to an ordered 
Such atomic 
‘superlattices” or 


State 


on a common space-laitice. 


called 
Experimental findings 


irrangements 
rdered structures”. 
lake certain that a tendency for ordering exists 
i Systems where atoms are just within the favor- 
ible s 


are 


‘factor zone and are sufficient in number 
illoys of types such as Mg(C’), Mg, (C’), 
tMg'C),. (In these formulas C’ is the alloying 
‘ponent of any given system.) 

‘vy systems that are normally stable, with 


atomic size, alloying valence, and electrochemical 
factors of solute metals are found to govern the 
alloying nature of magnesium. These factors 
notably affect the 


solubility curves of equilibrium diagrams. 


solid 
The 
solidus and solid solubility curves appear to be 


liquidus, solidus, and 


more susceptible to the action of such factors 
than the liquidus curves. 

Augmented by its relatively high electro- 
chemical nature, magnesium forms eutectiferous 
types of alloy systems with other metals with few 
exceptions. The resulting compounds from these 
systems may exert considerable influence on both 
the eutectic temperature and composition, and 
on the limits of solid solubility, depending on 


their thermodynamical stabilities. 
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Table I11— Supplementary Information on Binary Equilibrium Systems of Magn: im 





See TABLE I MELT- EUTECTIC MAXIMUM 
M EUTEC- 
MELT- FOR CODE ING TIC COMPOSITION SOLUBILITy 
ING —| Com- POINT . 
ELEMENT TreM ‘i 
POINT Sravc- SIZE POUND | OF Com- vans A w 
oC. ' a cum TURE TOMIC WEIGHT ATOMIC WEIGHT 
TURE C °C % % % ( 


Aluminum 2.70' 660 |FCC Mg,Al 463 437 30.0 32.3 
Antimony 3.6: 630 Rhomb f Mg,Sb. 1228 629 11.4 39.0 
Arsenic 5.7% 814 Rhomb Mg, As, 800? ? ? 


Barium 3: 704 |BCC Mg.Ba, 855 618 
Beryllium 1284 HCP ? ? ? 
Bismuth 271 Rhomb Mg. Bi. 823 53 


Boron* 2; 2300 (Hex? 


Cadmium 321 |HCP MgCd,+ 379 _ 68.6? 
Calcium 851 |FCCt Mg,Ca 714 : 1.1? 
Carbon* 3700? |D-C 

Cerium 635 | HCP? Mg.Ce 5¢ 91. 0.3 

Cesium* ( 28 |BCC 

Chromium* 1860 | BCC? 

Cobalt 1490 | HCP? 

Columbium* 1950 |BCC 

Copper 1083. | FCC MgCu, 5 ; 0.01 0.03 


Gallium 30 (Orth : Mg.Ga, 2: 31 84 
Germanium 958 |D-C Mg.Ge 53! , 3. 0.003 0.009 
Gold 1063 | FCC MgAu+ 576 : 0.1 0.9 


Indium 155 | FCT : MgIn q , 4 19.1 52.7 
Iridium* 2454 (Orth 
Iron ; 1535 |BCC MgFe? 


Lanthanium 826 HCP Mg.La 
Lead 327 |FCC Mg.Pb 
Lithium 185 |BCC Mg.Li.? 


Magnesium 650 |HCP - ‘ 
Manganese 1244 | BCCT b-] ? 
Mercury —38.9|Rhomb| f MeHg + 
Molybdenum* BCC b-l 


Nickel 1452 | FCC unf (MgNi.,+ 
Osmium * 2: 2700 |HCP unf 


Palladium* 1554 FCC f 
Phosphorus 44 |Rhomb; unf | Mg,P 
Platinum* 1774 'FCC f 
Praseodymium 940 |HCP f Mg.Pr 


Rhenium* : 3000 |HCP f 
Rhodium * y 1966 |FCC 
Rubidium* Oe 39 | BCC 
Ruthenium* 2. 2450 |HCP 


Scandium* 2.¢ 1200 | BCC 

Selenium 220 | Hex MgSe ° , , , 
Silicon 2. 1420 D-C Mg.Si ‘ 0.003 0.004 
Silver 961 FCC MgAg 39 15.3 
Strontium 2.6 771 | FCC Mg,Sr ; 
Sulphur 2.07 113. | Orth Mes 


9 5 


Tantalum* 16.6 2850 BCC 

Tellurium 6.24 452 Hex MgTe 
Thallium 11.85 304 HCP?T Mg,T]l,+ 
Thorium* 11.5 1850 |FCC 

Tin 7.30 232 | BCTT Mg.Sn 
Titanium* 4.51; 1800 HCP? 

Tungsten 19.3 3370 BCC ? 


Vanadium* 18.7 1715 BCC 





Zinc 7.14 419 HCP f MgZn, 590 341 30.4 54 3.3 8.4 
9 


Zirconium 6.4 1860 HCP? f ? ? ? ? 0.2 0.8 0 








*Data on alloys unavailable +Other structures also exist. + Other compounds exist at lower temperat 
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Certain magnesium compounds form with 
reactions. This violence is typical of 
s produced with the evolution of con- 
heat owing to the exceptionally high 
mical factor or thermodynamical stabil- 
Metals with high melting points behave 
thermodynamically much like highly stable com- 
ven though they may have no tendency 
ympounds with magnesium; under this 
conditi no explosive reactions will occur upon 
alloying, but limited solid solubility can be 


explosiv' 
compou 
siderab! 
electri cl 


ity. 


pounds, 
fl {or te 


expecte a 


Apart from producing compounds of either 
the normal valence or the general intermetallic 
type, magnesium may also form electron com- 


‘I 


pounds. The formation of the latter may result 


tain properties of alloys is given in Table Il. By 
selecting the proper combination of alloying met- 
als, the conditions for obtaining certain desirable 
physical properties may be satisfied. Conversely, 
from the knowledge of both the composition and 
the relative influence of the fundamental factors, 
it is possible to predict certain physical properties 
of a given alloy. 


Supplemental Information on Binary Equilib- 
rium Systems of Magnesium 


An up-to-date collection of pertinent data on 
binary systems of magnesium, that is, the com- 
pounds and their melting temperatures, eutectic 
compositions, eutectic temperatures, and limits 


nly where magnesium alloys with either mono- of solid solubilities, is contained in Table IIL. 


valent metals or transition metals at the proper 
Under 
ms, magnesium may also produce alloys with 


electron concentrations. 


rdered structures. 


certain condi- 


Additional information on pure metals and their 
respective alloy possibilities with magnesium is 
also included therein. 


The reason for appending this table is two- 


By exploiting judiciously the fundamental fold: It serves as a compact summary of essen- 


factors concerning the alloying nature of mag- 
esium, We are approaching the time when alloys 
may be made with specified properties. The rela- 
live influence of the fundamental factors on cer- 
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Molybdenum is an economical preventive 
of temper brittleness in steel. 
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* 
— , : 
Manufacturers of a great variety of products, from 
* refrigerators to door knockers, can build better goods 
* with the help of forgings. Here are seven reasons why, 
based on Revere’s long experience: 
5 

* 1 Revere offers you a single, competent source for superior 

os " forgings in copper, brass, bronze, aluminum and mag 

nesium. 

* , : 

, Fine, dense, uniform erain structure prevents breaks or 
—_ a ; ' 
’ ps, A) * leak s. One solid mass of metal mmstres ereat streneth, 
i j Se, _ 3 Easy to machine ...no blowholes or hard spots. 
; i} . 
} ii, i} I * 4 Relatively smooth, non-porous surface is easy to buff and 

; | -———— * " finish. Takes plating better. 

i | at oe 5 Precision made to close tolerances ... minimum of excess 

= y / a * metal to machine away. Often certain finished details can 

 aresangt i » * be completely forged, 

d , 

* 6 Several parts can often be combined, by ecood encvineerine. 
= ———s * * into a sinele foreine. Inset (above) shows forced part 
7s eo which replaced three piece assembly. 

6 t == = — * 7 Nearly a quarter century of forging experience insures 
e- — _ . your complete Satisfaction. 
| 4 
| * Write for full information. 
' — i * 
~ ~ 
—_——— * 
—- A 
* 
(ya a, | 
* 
—_—-_—— 
> b COPPER AND BRASS INCORPORATED 
< ee * Founded by Paul Revere in 1801 
ie = . . , - - 
| ov) } * Executive Offices: 230 Park Avenue, New York 17, N.Y. 
a ' 
mA ea | * Mills: Baltimore, Md.; Chicago, Ill; Detroit, Mich.; New Bedford, Mass.; Rome, N.Y 
rh } . ri * Sales Offices in principal cities, distributors everywhere 
bel 
. ae ae ae ae ae ae ae ae ae ae ae ae ae ae a ae a a a a a ae: 
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Appointments by Vanadium- member of the § 

Alloys Steel Co., Latrobe, Pa.: Roy W. R. Mau @, men 

Personals C. McKenna @ to president, replac- Committee; HENry 

ing FLroyp Rose ©, resigned; R. ton manager; Rip 

Elected as officers of the Electric Burns GeorGE @ to sales vice- Springfieid, Mass.. ; 

Metal Makers Guild, Ine.: J. A. president; L. D. Bowman @ to MoBerG, works mai 
pDEBoNpby @, superintendent of melt- production vice-president; F. P. plant; Harry Goop & 

ing, Manitoba Steel Foundries, Ltd., UNDERWOOD to vice-president and ager of Anchor D; 
president; J. E. Anruur @, superin- secretary; J. P. Girt @, vice-presi- GeEOoRGE A, Roperts & 

tendent of melting, Crucible Steel dent, appointed chairman of a lurgist; Harry G. 
Co. of America, vice-president; D. newly formed Executive Commit- metallurgical engine: 
L. Crark @%, superintendent of tee; J. CLEVELAND McKENNA @, 
melting, Simonds Saw and Steel elected a director; LAWRENCE Woop, 
Co., secretary-treasurer. appointed advertising manager and 


DANA W. SmMiIrTH 
assistant chief of the } 
Division, Aluminum 
ica, New Kensington 





principal research met 
the Glenn L. Martin C 
Md. 


Cross section of 
Kemp Immersion TRUMAN S. FULLER @, { 
Heating element assistant engineering head of : 
showing tubular : ; : i ti 
cation ond General Electric Works Laborato 
method of flue Schenectady, has been 

gas travel. engineer in charge of 


Laboratory. 


R. J. McCracken @, f{ 
assistant plant manag 
Aviation Division of the Studel 
Corp., Fort Wayne, Ind., has 
named general managet 
ham Mfg. Corp., Fort 
sion. JOHN BatLey & 
with Peerless Corp. of 
Muncie, has been name 
of the Durham heat tre 


ment, 


ARNOLD P. SEASHOI!I 


resigned as metallurgical 


Speetfy — —_—— with E. F. Houghton & Co. 
KEMP IMMERSION MELTING natal ow Fayre 
for Seasholtz Metallurgical Servi 
Lead melting Compound heating Battery grid casting Lancaster, Pa. 
Tin coating Stereotyping Salt baths for annealing 
Tin melting Electrotyping Lead baths for tempering G. L. Deniston @ 
Pewter melting Solder melting . Lead baths for annealing ennacheind “ittn ‘the Die 
The Kemp IMMERSION MELTER is the standard of industry because of the following 
features: 
Heating units are placed inside the metal to be melted—not outside the pot. Dayton, Ohio, has been 
40% savings in fuel. to the staff of Battell 
Close temperature control increases efficiency, reduces waste. Columbus. Ohio. as 
The metal melts faster—cools slower. , ; 
The pot is insulated, serves only as a container, and does not crack. 
Reduction in dross formation. 
. Improved working conditions. S. L. GeERTSMAN @ is 
For complete information .... ASK FOR BULLETIN A-200.! ciated with the Hull hl 


KEMP PRODUCTS Foundries Limited, Hu 
Dynamic Dryers (adsorptive dehydrators) as director of process 
Nitrogen Generators ® Inert Gas Producers 


Division, General Mot 


engineer. 


research, and is also 
Atmos-Gas Producers « Immersion Heaters sae . : , 
liaison officer with Ut 


Flame Arrestors for vapor lines, flares, etc. 
Metallurgy Research L 


Address The C. M. Kemp The Industrial Carburetor for premixing gases 
Mfg. Co. 405 E. Oliver St., Submerged Combustion Burners the Department of Min 
Baltimore 2, Maryland A complete line of Industrial Burners, and Fire Checxs. 
S. E. MappiGan @, fo 


Chase Brass & Copper 


ok bury, Conn., is now di 
/ ; Industrial & Scientifi 
j «= | ] » j ~ : > 
°o yf f } ] f ) ? F. Council, at the Universi! 
J £ LAA f : . ; 
Columbia, Vancouver, | 
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Personals 


Boyp E. Cass @, formerly senior 


metallurgist at Baldwin Locomotive 
Works, P a., 
welding engineer for Foote Mineral 
Co., Philadelphia. 


Eddystone, is now 


LILLiaAN Al. &, for- 
merly with Hardy Metallurgical Co., 


HAMMOND 


has joined the research and devel- 
opment staff at Sherman & Co., New 
York, as metallurgist. 


M. D. JoHNson @ has resigned 
as chief inspector at Caterpillar 


Tractor Co., and has joined the 
staff of the director of manufactur- 
ing of Graham-Paige Motors Corp., 


Detroit. 


Louis A, G is now 
with British American Foundry & 
Machine Limited, St. Thomas, Ont., 


as assistant manager. 


DELAUCHI 


Epwarp A. Erickson @, formerly 


associated with the U. S. Navy Bu- Division 


reau of Ships, Navy Yard, New per 
York, has been named to the staff LoPreTE @, from « 
of Battelle Memorial Institute, charge of the chemix 


Columbus, Ohio. testing laboratories Dlant me 
' , lurgist working on 
R. Crark Dawes @, formerly : eit on 


assistant professor of chemical en- 


at Grove 


gineering and metallurgy Transferred by M flux ( 
City College, is now research engi- J. H. Barsour ©, | 
neer at Battelle Memorial Institute, Southeastern Divisi to J 
Columbus, Ohio. of West Coast District; R 
FRANK SprraLe @ has returned SCHIEBEL, Jn., from West ( 
to the Beryllium Corp. of Pennsyl- eee to Chicago headquart 
vania as superintendent of the melt- offices; W. D. Ret, Jr. @, frg 
ing department. New York to manager of Souf 
eastern Division. 
J. F. Joy, formerly director of 
engineering for the Federal Machine Cuarves S. DuMont @, f 


and Welder Co., Warren, Ohio, has 


been elected vice-president in 


is’ was Oe 


charge of engineering. 


for Battelle Memorial Institute. 


Promoted by Falcon Bronze Co., 


Youngstown, Ohio: J. C. Lopatta RaLpu J. 


@ from general foreman to foundry search and 


superintendent. 


Transferred by 
of Calumet 
Consolidated, 


tions and mill prob 


on the superintendent’s staff, | 
tro Metallurgical Co., Niagara Fa 


now 


with Santay Corp., Chicago. 


developme nt engine 
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a research engip 


Evarts @ is now! 








R. A. Crank @ has severed his Promoted by American Steel & J. C. BARRETT &, formerly met 
connection with the Lakey Foundry Wire Co.: Wapbe B. Houx @, from lurgist for the Taylor-Winfid 
& Machine Co., Muskegon, Mich., works metallurgist at South Works Corp., is now employed at 
and is now metallurgist for Elec- to assistant superintendent of the Glenn L. Martin Co., Baltimore 
tro Metallurgical Co. in Chicago. Wire Division. research metallurgist. 
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Motorized or 
Hand Operated 


Engineering skill at its highest! COM- 
PRESSION-TENSILE-TRANSVERSE and 
SHEAR testing combined in one port- 
able instrument. 

7 different gauges available—all in- 
terchangeable! Capacities from 250 up 
to 10,000 Ibs. Dillon Universal Tester 
handles rounds, flats or special shapes 
and—for split accuracy—is Calibrated 
with Proving Ring certified by . 
U. S. Bureav of Standards. 

Has maximum hand, self- 
aligning grips, ball bearings. 
America's most popular low- 
priced tester! Write for illus- 
trated bulletin. ’ 


W.C. DILLON & CO., inc. 


5420 WEST HARRISON ST. 
CHICAGO 44, ILLINOIS, U. S. A. 
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